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Abstract ° ' 

Issues*. There is no doubt that computers and computer-based 
automation will have far-reaching effects on the U.S. economy 
and society. There is a broad range of views in the scholarly 
literature and popular press about the nature and extent of 
these effects. Government policies, however, should and can 
be based not on opinion,.but, so far as possible, on concrete, 
detailed analysis of the pro.bable impacts of the/impending 
technical changes. Only action based on such anticipation 
will be able to reduce the individual and.social costs that 
belated adjustments to unanticipated structurail shifts will 
entail. 

Methodology. This study incorporates a large body of quanti-\ 
tative information from diverse, especially technical, sources . 
into an input-output model of the U.S. economy to draw a com-• 
prehensive and internally consistent picture of the progressive 
introduction of computers and of various, forms of computer-
based automation into 89 individual industries comprising 
the entire economy. It spells out in great .detail the probable 
effects of these technological changes on outputs and inputs 
of all ^oods and services and in particular on the demand- for. 
labor services described in /terms of 53 different occupations. 
These projections are based on fovir alternative scenarios 
about future technological phange. 

A fully integrated, dyynamic input-output model, developed 
for this study, provides the analytical framework for capturing 
not only the direct but also the indirect effects of all these 
chang^^ In particular ii takes into account the effects of 
technological change on the investment requirements.of all the' 
different'sectors and the corresponding changes in the outputs 
of capital goods producing industries. 

Findings. The intensive use of automation over the next 
twenty years will make it B.ossible to. conserve about 10% of 
the labor that would have been required to produce the same 
bills of goods in the absence of increased automation. The 
impacts- are specific to different types- of work aind will 
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involve a significant increase in professionals as a.propor-
tion of the labor force and a steep decline in the relative 
number cSf clerical workers. Production workers can be expected 
to maintain their share .of the labor force; direct displacement 
by-specific items of automated equipment (like robots and 
numejrically controlled machine tools) will, at least in the 
initial stages', be offset by the increased investment demand : 
for all sorts of.̂ capital goods, especially computers... 

Computations that assume the full utilization of the 
projected future labor force suggest that personal and 
government consumption will be able to increase about 2% a 
year in real terms through the 1980's and between 0.5 and 1.1% 
through the 1990's due to the adoption of computer-based 
automation (in the absence of other structural changes). 
Whether or not the smooth transition from the old to the new 
technology can actually be realized will depend to a large 
extent on whether the necessary changes in the skill structure 
of the labor force and its distribution between different 
sectors of the economy (and geographic locations) can be 
effectively carried 'out. The study projects the direction 
and magnitude of these changes in the structure of the-labor 
force and̂  of the educational and training efforts needed to 
carry them out. 



Preface 

The following inquiry is concerned with the complex 

issues surrounding the changing structure of employment in 

the U.S. in the recent past, an<̂  especially in the future two 

decades. A team of about ten researchers, collaborated closely 

in this effort over a period of three years. Because of the 

emphasis in this stud^ on ch'ange, it was indispensable to 

develop a disaggregated dynamic input~output model of the 

economy capable of absorbing detailed information on techn-

olo.gical change. . 

Voluminous historical data had to be assembled-for testing 
• • • -

apd refining the performance of the model over the past two 

decades. ' Even more challenging was the fact finding task-.of 

extracting from a great variety of published and unpublished 

sources detailed estimates of the input-output structure of 

computerbased production processes that can be expected to 

be adopted in the different sectors of the U.S. economy in 

the course of the next two decades. A large number of methodo­

logical ̂ .ssues had to be settled in connection with the sys­

tematic representation of, technological change. 

§uch work will eventually entail direct use of detailed 

engineering and management planning information. This level 

of effort was not possible in the present, study^ and it 

proved to be necessary to rely to a great extent on piecing 

together different and often differing expert estimates. 

Such future work will have to examine in detail technological 

change specific to each individual sector. This stu'dy 

< 
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concentrated instead, as a first step, on_/the changes that 

can be anticipated in many sectors; l̂ hese changes are des-
/ . . . . 

cribed in considerable detail within the repott. 
i 

The principal investigators attempted to provide enough 

direction to ensure the compatibility of many individuals' 

contributions while tolerating and even encouraging differences 

of point of view and approach in an area that is still virtu-

ally uncharted. The following chapters describing this work 

provide ample evidence of this precarious balance. While 

they havfe' been extensively reworked and edited, individual 

authorship is unmistakable. 

Professor Leontief, Dir.ector of the Institute for 

Economic Analysis, provided overall direction for this 

research. The conduct of the study was "supervised by Dr. 

Faye Duchin, Associate Director of the Institute. Her 

efforts were in particialar concentrated on the formulation 

of a new dynamic input-output model, more realistic than its 

many predecessors, and the continual methodological integration 

and evaluation of the data bases and projections as well as 

aligning and editing of separate chapters. 

A crucial role was played by Dr. Daniel Szyld, mathema-

ticiian and programming expert, who collaborated in the 

formulation of the dynamic input-output model and coauthored 

Chapter 2 with Dr. Duchin. In addition to supervising the 

computations, he assured the completeness and consistency of 

the data provided by other colleagues and their compatibility 

with the requirements of the model. 

'&•' 
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The many sets of data produ<:ed by government agencies were^ 

assembled and prepared to meet the* requirefhents of the model 

with meticulous attention to detail by Messrs. Jesus Alvarez-

and Michel Juillard, a visiting scholar supported in part by 

the Swiss government/ who together prepared Chapter 3 describing 

that work. . - . 

Dr. David Howell was responsible for the qualitative^ 

description and quantitative projections regarding the~tise 

of computers and computer-based automation in production 

operations in all sectors of the economy. He describes and 

documents this work in "Chapter 4. 

Ms. Catherine McDonough and Glenn-Marie Lange carried 

out sectlor studies regarding the future use of computers in 

other applications. In Chapter 5/ Ms. McDonough describes 

the process of office automation. Ms. Lange's work on the 

education and health care sectors is presented in Chapters 6 

and 7, respectively, and in Chapter 8 she describes the 

profections of deliveries to final demand. 
6 

Mr. Dimitri Turchin was responsible for implementing 

and maintaining the database and the computer model and 
•' • 0 

carried out most of the computations. He was assisted with 

the computations at different periods by .Messrs. Kenneth 

Furlong, Vladimir Roytman, and Oleg Vishnepolsky. • ,«/''~̂  

Ms. Mary Parker organized the assembly and processing 

of the manuscript and,, along with Dr. Szyld, provided exten-. 

sive editorial assistance. Most of the processing was done 

by Ms. Holly Lammers. 



IV -

while it is'satisjfying to have completed what has been a 

long and intense research effort, in fact it represents just 

the beginning of the systematic investigation of a complex 

and important subject. We have benefited, in preparing this 

report, from comments elicited by the Draft Final Report. 

We are well aware of the preliminary nature of our findings. 

Each of us naturally assumes the responsibility; for our own 

contribution to the study. The principal investigators are 

responsible for the conclusions. 

W. Leontief 
F. Duchin 

8 
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Chapter 1, The Impacts of^Automation on Employment, 
1963->0t)O . 

A.- Introduction . ', 

The opinions expressed-in the scholarly literature as 

well jas the popular press cover a wide range, from reassurance 

that declining rates of growth'of the labor 'force inthe 1980's 

and 1990's will more than compensate for any, loss of jobs to 

predictions that the manufacturing labor fprc^ will .fall from 

over 25 million now to less than 3 million by 2010. We^are 

told that some jobs will become more .technical and complex 

than ever but also about the prospects for a "deskilled"-

workforce of sweepers and button-pushers. Most observers 

agree ^bout'painful "adjustment" and the needs of retraining, 

often rn the context of measures to ease the "transition" to 

some automated future whrch remains entirely unspecified. 

Barely beneath the su-rface of these debates, there are 

passionate social, political, and philosophical differences. 

An additional cause of confusion is that we cannot carry out a* 

"factual" analysis, if .that means direct'observation, of the 

future. In this report, we develop and illustrate a fact­

finding and modeling approach that promises to be fruitful in 

the dispassionate analysis of these issues. After ascertaining 

the operating characteristics of the already existing, newly 

developed'types of computer and computer-based .equipment, we 

proceed to derive the consequences of alternative assumptions 

concerning future rates of introduction into the different 

industries. Taking into account the corresponding changes in 

16 



1.2 

the combination of other inputs, particiilarly labor inputs, we 
« 

insert the appropriate figures (combinations of so-called 

technical input coefficients) into a dynamic input-output 

model and use it to trace the direct and indirect effects, of 
o • • 

these technical changes on the future levels of output and 

input—particularly labor inputs—throughout all sectors of 

the economy. '. • 

While there is no shortage of ."expert "^estimates of-isolated-

number's (like the sales of computers in 1990), the specialized 

literature in this area is still very limited, and robotics 

seems to be the only aspect of automation that has been studied 

at all systematicfa^ly to date. . While technical studies like 

those that have so far been carried out only for robotics must' 

be welcomed and encouraged, their detailed- findings need to be 

incorporated with the results of other similar studies into a 

comprehensive analytical framework before useful general con- • 
o 

elusions can be drawn. It is precisely such an effort, based 

on a dynamic input-output model of the U.S. economy, that is 

described in this report.^ 

. A number of other studies of structural change have been 

carried out within the input-output framework, starting with 

Professor Leontief's analysis in the 1930's of the changing 

U.S. economy between 1919 and 1929 [Leontief, 1941]. Most 

other empirical.work, has also been concerned with analysis of 

the past, notably' [Carter, 1970; Vaccara and Simon, 1968; 

Bezdek and Wendling, 1976]. The formulation of detailed 

17 
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1..3 . • . - . ' . ' 

scenarios^ to analyze future prospects was also initiated by 

Leontief [Leontief, Carter, and- Petri, 1977], A recent input-

output study of the impacts of future technological change on 

the Austrian economy, involving (Construction of alternative 

scenarios follows in this tradition [Osterreichisches Institut,» 

1981]. The. Economic Growth'Model of the Bureau of Labor Statis­

tics (BLS) uses an input-output miodule within an econometric 
• % • • 

framework to project future employment [U.S. Department of 

Labor, 1982b]. We have made extensive use of the historical 

data prepared by.this group, directed by Ronald "Kutscher, in 

the development of our model. We have also used their detailed 

projections of final demand. 

Alternative .technological scenarios are formulated and 

qomputed within the" framework of a comprehensive, dynamic 

input-output model of the entire U.S. economy developed for 

this study. This means that inter-temporal.consistency is 

assured between the production,of investment goods and their 

subsequent availability. The level and composition of each 

sector's annual replacement and expansion investment reflect 

within the framework of this model the particular technological 

and growth conditions postulated in each scenario.^ The data 

V'Scenario, "y in the narrow sense, means a set of 
assumptions about certain aspects of the economy. When the 
implications of the scenario are computed, projections of 
other aspects of the economy are. obtained. The word is 
also used to mean the projections implied by the assumptions.. 

^The World Model [Leontief, Carter, and Petri, 1977] took 
some steps in these directions: all the other cited studies 
were carried out essentially within a' comparative static fra'mework, 

U 
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1.4 

work carried out for this study, although still very far from 

exhaustive, is more comprehensive and more fully documented 

than-that used in most other descriptions of the U.S. economy, 

especially with* regard to future technological options, and 

the alternative scenarios are designed so as to focus ̂ tt'entioni 

on intensive examination of the changing structure of employment. 

It needs to be emphasized.at the outset that this study, 

represents only a first step in anticipating the future demand -, 

for labor. In addition to the preliminary nature of the work 

that has bee.n done, we have concentrated on only one-r-albeit the 

newest, most .talked about—component of technological change: 

computer-based automation. Our most, substantial results 

will be based on the comparison of employment projections 

under alternative assumptions about computer-based automa­

tion. While some readers may' be tempted to draw more general 

conclusions about future technological unemployment, such an 

analysis cannot be supported by the work which has been done 

to date. This is one of our next tasks. -

The report is divided into four parts. Part I provides 

an overview of the study and reports the results. The dynamic 

input-output model is described in Part II. Part ill describes 

the assembly of the database for 1963 to 1980, and the five 

chapters of Part IV contain sector' studies on the automation 

of production and office operations, education, and healthcare 

which serve -as the basis for alternative scenarios- about, the 

future. The Appendix contains the graphic presentation of 

selected results under. alternative scena-rios. 

12 



1.5 . 

B. Methodology and Scenarios 

To improve the understanding of the impacts of past 

technological, change on eralployment in the U,.S. and to assess 

the probable effects of impending computer-based automation 

the dematid for labor over the next few decades, a dynamic 

input-output model of the U.S. economy was developed and an 

extensive database was prepared containing descriptions of 

past and present technologies and of technological changes 

to be introduced in the relatively near'future. Four dif 

ferent scenarios were formulated, and alternative projections 

based on them were computed with the'model to determine the 

structure of employment Corresponding to each of them. 

TJiis section provides an overview of the methodology and 

describes the scenarios.- A formal description df the model 

and data used in its practical implementation is provided in 

the following chapters. «. 

The. national economy consists of a set of inter-related 

sec-tors each characterized at a given time by a common principal 

output and the combination.of inputs to produce that output— 

including labor inputs of various types. The establishments 

in each sector employ in any given year a specific mix of 

machines, tools, and human labor;to transform a specific 

combination of purchased inputs (produced by the same or 

other sectors) into the characteristic output of the sector. 

At any given time there are typically several distinct . 

technologies or productioh processes in use at different 

establishments within a sector or even at a single plant. 

20 



1.6 . .. , . 

The avera.ge combination of inputs that characterize the sector 

corresponds to both the input requirements of alternative 

technologies and the weight with which*' each alternative 

operates in the national economy. Technological change 

involves a change in these weights, where typically the newest 

technologies are progressively phased in (increased weight) 

and the oldest eliminated (decreased weight). Of course, 

technological change also involves the introduction of new 

processes and products that were not previously available. 

Portions of a sector's stock of plant ,and equipment are ' 

periodically replaced while current additions to it make 

possible an increase of output in the future. The technological 

requirements for the replacement of existing capital (i.e. to. 

maintain current production capacity) are in large part 

dictated by the mix of investment goods already in place and 

to this extent reflect the technologies already in use. • 

Some modernization also takes place; this involves the 

incorporation of newly available technologies into existing 

plant. However, in a growing economy the new technologies 

>are typically reflected, first in newly produced* capital equip­

ment installed expressly for the expansion of existing capacity-^ 

and naturally in the occupational composition of the "labor 

force which works with the physical capital and other inputs. 

The state of the national economy in each year over the 

time interval 1963-2000 is described in terms of commodity 

flows among 89 producing sectors and labor inputs absdrbed 

by each of them specified in terms of 53 occupations. 
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Numerical data are organized, for each year into four matrices 

of technical parameters describing the input structures of all 

sectors of the economy during that year. These matrices 

specify the input requirements on current account (A matrix), 

capital expansion and replacement requirements (B and R matrices, 

respectively), and labor inputs (L matrix). Of each sector per 

unit of its respective total output-;̂ or per unit of projected 

future increase in capacity in the case of expansion. Vectors 

of non-investment final demand, including household consumption, 

government purchases, and net exports (y vector) are also 

required. For the past years, government agencies produce 

official series conrtaining most.of this * information: the. 

sources and data preparation are described in Chapter 3.. 

Figures describing future technological options are 

assembled as part of separate sector studies -which appear in 

Chapters 4-8. These sector studies yielded descriptions of 

alternative input structures',, that is, columns and rows of 

technical coefficients that are inserted into the A, B, R., 

•and L matrices. They also yielded projected vectors of 'non-

investment final demand (y), for future years. The fact-

finding efforts were.concentrated on the systematic study 

of computers used to automate production and office operations, 

as well as the potential for automation in the education and 

° health care sectors. Figure 1.1 indicates the rows and columns 

of coefficients, including capital and labor coefficients, which 

have been re-examined. 

In addition .to this data base, the structure of the model 
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'igure 1.1 (continued) 
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Notes; 1. The first matrix in this figure has 32 rows and 32 columns, corresponding to 32 sectors of the economy. 
The second matrix has 26 rows and 32 columns, corresponding to 26 occupations and the same 32 sectors as the first 
matrix. These sectoral and occupational classification.schemes are more aggregated'than those used in the lEA model. 
The correspondence is given by the codes in the columns preceding the sector and occupation names in the figure, 
labelled lEA I and LAB t, respectively. These codes, in turn, are described in Tables 3.! and 3.7. 

2. "Hie letter 'x' indicates an entry that has been explicitly projected for this study, 'x' may represent 
a zero; e.g., a full cplumn of x's does not necessarily mean that the sector purchases all inputs, *x' doeai*not 
necessarily.mean that the entry projected for a future year is different from the base year value (although this is 
typically the case).. For exan^le, the column representing Office Equipment is filled with x's because the future 
input structure of that sector was explicitly examined; however, in the A matrix only a single entry, in tha|t column 
is expected to change significantly from the base year value. Many empty cells contain zeros. For example, the <̂' 
rows for Health Professionals and Teachers .each contain only 1 'x' because these workers are virtually all employed 
by the Health Care and Education sectors, respectively. 
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can be seen as reflecting explicit conceptual assumptions 

about how the economy works, .independent of the specific ;/'. 

values assigned to different variables and parameters. The 

structure of the model implicitly determines the range of 

questions that can be examined, and the dynamic input-output 

model jased.in this analysis makes it possible to begin to 

answer questions—like those analyzed in this study—that 

could not formerly even be concretely addressed. 

The dynamic input-output model is used to project, year 

by year from 1963 to 2000, the sectoral outputs and investment 

,and labor requirements of the U.S. economy under alternative? . 

assumptions about its changing technological structure. 

Each set of such assumptions constitutes a scenario. '••• 

Four different scenarios. Si, S2, S3 and S4,. tracing 

four alternative paths that the U.S. economy might follow 

between 1980 and 2000, were formulated and computed. These 

were selected with the v.iew of bracketing among them the. 

upper and the lower.limits of the rates at which different 

sectors of the_U.S. economy might be expected to adapt the 

new technology. The reference scenario. Si, represents the 

changing input-output structure of the economy, year by 

year, between 1963 and 1980,.but assumes no further automa- . 

tion or any other technological change after 1980: in other 

words, from 1980 on, robots, numerically controlled machine 

tools, and automated office equipment, to name a few examples, 

are used only to the extent that they figured in the average 

technologies that prevailed in 1980. Final demand, comprising 

private household consumption, government consumption and net 

.27' . 
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exports, however, is assumed to continue to grow over a pro­

jected path through "2000. The computation of this scenario is 

thus an experiment that allows us to assess future employment 

and other requirements to satisfy plausible final demand in the 

absence of technological improvements from 1980 on: it serves 

as a baseline with which one can compare the other scenarios. 

Scenarios S2 and S3 are identical with Si through 1980 

but differ in their technological assumptions for the later 

years. Both scenarios project an increasing use of computers 

in all sectors for specific information processing and 

machine control tasks and their integration. Computerizing 

each task also involves changes in other inputs, notably 

labor inputs. While the details are different in each case, 

Scenario S3 assumes faster technological* progress and the 

more rapid adoption of available technologies than do®s S2: 

for example, the availability of more powerful software to 

dampen the de.mand for programmers and more rapid elimination 

of human drafters. Under both scenarios, the demand for v 

computers (measured in constant prices per unit of output) 

is naturally higher in 2000 than in 1990. 

These scenarios alsq, represent the greater use of two 

.other microprocessor-based devices, robots and computer 

numerically controlled (CNC) machine tools, for a growing 

range of specific manufacturing operations. Scenario S3 

assumes a faster replacement by robots of six categories of 

production workers in many manufacturing sectors (and associated 

savings in paint where applicable). It also implies faster 

-2S 
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substitution than S2 of CNC for conventional machine'tools 

and greater savings per tool-in steel scrap leading to cor­

responding reductions in direct requirements for the metal-

working occupations. 

All projections assume that computer-based workstations 

will be replacing conventional office equipment, and that 

most deliveries after 1985 ŵ -ll be for integrated electronic 

systems rather than stand-alone devices. The process is 

accelerated' under Scenario S3 where, for example, conventional 

typewriters are no longer produced after 1985. Correspondihg 

direct impacts on the demand for managerial, sales, and six 

categories of clerical workers in different sectors of the 

economy are represented in detail. 

?oth Scenarios S2 and S3 assume th^ continuation of 

recent trends in the input structures of the health care 

sectors: notably increased use per case of various types 

of capital equipment for diagnosis and treatment, of drugs and 

other chemicals, and of plastic disposable items, as well as 

an expansion of nonphysician medical personnel. These changes 

proceed more rapidly under Scenario S3 than S2. The health 

care sectors also continue the automation of office-type opera­

tions, with the direct consequences described above. Under 

Scenario SI, there are no structural changes, in these or in 

other sectors, after 1980. 

Just as computers are increasingly affecting the conduct 
* I 

of professional and leisure activities, the demand- for computex-

based education, training, and recreation in schools, on the 

1. - • 29 
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J9b/ and in homes will also increase. In all years through 

2000 Scenario S3 assumes far more computer-based courses per . 

student and more teacher training than Scenario S2. It also 

postulates on-the-job training in more sectors and for a greater 

number of occupations. 

The dynamic input-output model used in this study requires 

that projections of final demand other than investment— 

essentially the level and composition of future public and 

private consumption—be. provided from outside the model. For 

present purposes the same BLS final demand projections (excludin*g 

deliveries for investment purposes) were used in Scenarios Si, S2, 

and S3 so that differences in scenario outcomes have to be attri- " 

buted exclusively to the different technological assumptions. 

We have not yet examined first-hand in detail the impli­

cations of technological and demographic change for the 

future input structures of householdsj of technological 

change and alternative government policy for the input struc-
• • • 

tures of the various federal, state.and local public adminis-
• • • ' • * * 

tration functions, or of technological change and related 

shifts in' international comparative advantage for the 

compos itioft of U.S. exports and imports. Under these 

circumstances we decided that the best starting point would 

be the BLS final demand projections which, however, have 

been revised upwards with respect to the use of computers by 

the military and -by households* 

Scenario S4 is identical to S3 in ̂ 11 of its assumptions 

about the technological structure of the economy but the final; 
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demand pr.ojectlons incorporated in it are different from those 

used in the third'as well as the first and second Scenarios. 

The reasons for this aire discussed in subsequent sections. 

Employment figures-shown in this study do not, unless other-
« 

wise noted, include either government employees in the afrmed 

forces and in public administration positions or household 

workers, and the value of final demand does not include paym'ents 

to them. 

C. Impacts of Automation on Employment: Principal Findings 

This section describes the future demand for labor based on 

comparisons of alternative projections from Scenarios SI through 

S4. The results of some of the computations are shown in 

the graphs appearing in the Appendix, in each of which changes 

in one particular variable are plotted under projected alter­

native scenarios over the period"1963-2000. An examination 

of graphs #5 and #6 in Section C of the Appendix (p. APP-41), 

for example, shows that the output of Iron and Ferroalloy 

Ores Mining (lEA #5)^ is generally lower and Nonferrous 

Metal Mining (lEA #6) is generally higher under Scenario S3 

than Scenario Si. Despite the clear pattern, however, this 

is not the case in every year since each curve reflects a 

distinct pattern of capacity utilization and investment 

;which in turn requires distinct cyclical patterns of produc­

tion, especially for capital-producing sectors. A preliminary 

•*IEA #nn refers to sector number nn in the lEA sectoral 
classification scheme which is given in Table 3.1- of Chapter 3, 
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investigation suggests that the isycles of sectoral output and 

of gross sectoral investment produced by this model for the 

period 1963-1981 bear a respectable resemblance to those that-

have been actually experienced. (Actual output and investment 

figures have in no sense been used to "calibrate" the modeli)'*. 

Nonetheless, careful analysis of the cycles will require a 

separate study, and here we concentrate instead on the secular 

trends. Thus, while the tables appearing in-this section 

contain data for individual years, more than a single year 

is always shown and only relationships of the long-term trends 

ar6 illustrated. 

The results of this study show that the intensive use of 

automation will make it possibly to achieve over the next 20 • 
* 

years significant economies in labor relative to the production 

of> the same bills of goods with the mî x of technologies cur­

rently in use. . Over 11 million fewer workers are.required in 

1990, and over 20 million fewer in 2000, under Scenario S3 

compared to Si: this represents a saving of 8.5% and 11.7%, 

respectively, of the reference scenario labor requirements. 

The levels and composition of employment in 1978 under 

Scenarios Sl^ S2, and S3 are shown in Tables 1.1 and 1.2. BLS 

estimates for the same year are included for comparison. Since 

t.he same BLS sectoral direct labor coefficients yere used in 

the lEA database, it is not surprising that the two sets of 

estimates for the economy as a whole are within 1% of each' other. 

•̂ the model systematically fails to replicate the signifi­
cant downturn of 1982, in large part because of the presumed 
monotonic growth of final demand from 1980 to.1985. Real GNP 
in 1982 actually fell. 
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Table 1.1 Levels.of Employment^ under Scenarios 
Sl> S2, and S3°in;1978, 1990 and 2000 

,(millions of person-years) 

1978 

Professionals 
Managers 
Sales Workers 
Clerical Workers 
Craftsmen • 
Operatives 
Service Workers 
Laborers _ 
Farmers 
Total , 

Scenarios 
SI, S2, and S3 

13.9 
9.5 
5.9 

15.9 
11.8' 
14.0 . 
11.1 
4.3 
2.8 

89.2 

BLS Estimates^ 

13.3 
9.6 
5.9 
15.6 

• 12.0 \ 
14.3 
10.6 
4.5 
2.8 

88.6 

, 

1990 

2000 

0 • '* 

Professionals 
Managers 
Sales Workers 
Clerical Workers -
Craftsmen 
Operatives 
Service Workers 
Laborers 
Farmers 
Total 

Professionals 
Managers 
Sales Workers 
Clerical Workers 
Craftsmen 
Operatives 
Service Workers 
Laborers 
Farmers 
Total 

Scenario 
SI 
19.8 . 
14.4 
9.1 

24.7 
18.0 
22.0 
16.7 
6.6 
4.2 

135.5 

25.6 
19.0 
12.4 
32.6 
23.3 
27.6 
22.3 
8.7 
5.3 

176.8 

Scenario 
S2 
21.2 
14.4 
8.9 

21.2 
17.9 
21.8 
16.8 
6.6 

-... 4.2 
132.9 

28'. 4' 
17.1 
11.8 
25.0 
22.9 
26.1 , • ' 
22.4 
8.6 
5.3 

167.7 

Scenario 
S3 
20.9 
12.4 
8.2 

16.7" 
17.5 
21.1 
16.8 
6.4 
4.2 

124.1 , 

31.1 
.11.2 ' 
10.2 
17.9 
23.4 
25.8 
.23.0 
8.7 
5.4 

156.6 

^Includes all private sector employment (jobs) plus em­
ployment in public education and health. Does not include 
public administration, armed forces, or household employees. 

'^Calculated from [U.S. Deg^artment-of Labor, 1981] using. 
the er np.loyment definitions of the lEA Model. 
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Table 1.2 Composition of ETinployment^ under Scena r ios 
S I , S2, and S3 in .1978, 1990, and 2 0 0 0 ' 
( pe rcen t ages ) 

" i j 

1978 

4 

Professionals 
Managers 
Sales Workers 
Clerical Workers ' 
Craftsmen 
Operatives 
Service Workers 
Laborers -. 
Farmers 
Total 

Scenarios 
SI, S2,and S3 

' 15.6 
= 9.5 

6.6 
17.8 
13.3 
15.7 
12.4 
4.9 

.3.2 
100.0 

" 
BLS Estimates^* 

15.0 
10.8 
6.7 
17.7 
13.6 
16.1 
12.0 , 
5.0 
3.2 

100.0 

_̂  • • . 0 

• ' ' ^ ^ 

1990 

• 

2000 

Professionals 
Managers 
Sales Workers 
Clerical Workers 
Craftsmen 
Operatives 
Service Workers-
Laborers 
Farmers 
Total 

Professionals 
Managers 
Sales Workers 
Clerical Workers 
Craftsmen 
Operatives 
Service Workers 
Laborers 
Farmers 
Total • 

'a'bsee Table 1.1. 

Scenario 
SI 
14.6. 
10.6 
6.7 
18.2 
13.3 
16.3 
12.3 
. 4.9 • 
3.1 

100.0 

14.5% 
10.8 
7.0 

18.4. 
13.2 
15.6 , 
12.6 
4.9 
3.0 

100.0 

Scenario 
S2 
16.0 
10.8" •• 
6.7 

15.9 
13.5 
16.4 
1.2.6 
4.9 
3.1 

100.0 

16.9% 
10.2 
7.0 
14.9 
13.7 
15.6 
13.4 
5.1 
3.2 

100.0 

Scenario 
S3 
16.8 
10.0 
6.6 
13.5 
14.1 
17.0 
13.5 • 
5.2 
3.3 

100.0 

19.8% 0 
7.2 
6.5 
11.4 
15.0 
16.5 
14.7 
•5.5 
• 3.4 
100.0. 
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The subsequent impacts of automation are different for 

diff-«reht types of work, and this is apparent even in terms 

of the 9 broad categories of labor shown in Table 1.1 and 1.2.5 

By 1990 there is a progressive increase in the proportion of 

professionals and a steep reduction in the number and proportion 

of clerical workers as we move from Scenario Si through S2 

to S3. 

By'the.year 2000, professionals will account for nearly 

20% of all labor requirements under .Scenairo S3 compared to 

15.6% in 1978, and demand for clerical workers falls to 11.5% 

from 17.8% in 1978. The demand for managers also slackens 
» • • • . 

noticeably by 2000 under Scenario S3, and in absolute numbers 

is lower than in *1990 even though in the aggregate 32 million 
t, 

workers have been added to the labor force by the end of the 

^decade according to this scenario. • 

Section A of the Appendix shows labor requirements at the 

level of detail of 53'occupations. The increased demand for 

professionals, is seen in that section .of the Appendix to be 

mainly for computer specialists (LAB #6-8)^ and engineers (LAB 

#1-4) while the demand for all categories of clerical workers is 

seen in the graphs to be significantly lower.under Scenario S3 

than Si. 

^Most of the nine aggregate categories are self-explan­
atory. Craftsmen, operatives, and laborers are. sometimes called 
skilled, semi-skilled, and unskilled blue-collar .workers, 
respectively. The occupational classification scheme is given 
in Table 3.7 of Chapter 3. - \. . 

^LAB #inm refers to occupation number mm in the lEA occupa­
tional classification scheme which is given in Table .3.7 of Chap­
ter 3. 0 
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The projected demand for construction craftsmen (LAB #25-

28) has a markedly different pattern than that which has been 

discussed so far: it follows the cycles of the investment 

demand for structures, and the peaks under Scenario S3 reflect 

the increased demarfd for capital. The sharp fall in demand 

for skilled metal-workers (LAB #30-31) reflects in part the. 

increased use of CNC machine tools. ,,' 

The impacts of robots on de.mand for th.e affected semi­

skilled occupations (LAB #39-43, 46)^ and Laborers (LAB 
• « • • 

#52) is much more modest. While.the reduction in demand 

for these categories of workers, which is; directly attribut­

able to robots, is about 400,000 in 1990 and almost two 

million in 2000 under Scenario S3, the net demand is about 

the same as under Scenario Si, apparently due to the off­

setting effects of increased production of capital goods. 

Sections-B and C of the Appendix show,labor by sector and 

output by sector, respectively, and it is of interest to look 

at the two series of graphs side by side. (All three scenarios 

assume the same final demand .for any given year: personal 

consumption and residential investment, government purchases, 

and net exports do not change from one scenario to another. 

Capital goods which- are used in production — investment goods;— 

are not included in final demand.) 

One effect of the automation represented in Scenario S3 

is reduced requirements for iron and ferroalloys (lEA #5 and 

'7LAB-#46, a residual category of operatives including semi­
skilled metal workers, is affected by both CNC machine'tools and 
robots. 
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36), due in part to the reduced steel scrap attributable to 

the use of computer numerically controlled machine tools. 

At the same time, the increased demand for nonferrous metals 

(lEA #6 and 37) is also notable. ' •= 

For most sectors these graphs show increases in output 

accompanied by reductions in employment under Scenario S3 as 

compared to SI, particularly for many of the metal-working 

sectors (e.g., lEA #37-44) and Semiconductors (lEA #58). 

While employment in the computer sector (lEA #50) increases 

substantially, output grows at a much greater rate. Under 

the given assumptions—in particular the same final demand 

(that does not include investment) for all three scenarios— 

the increase in.the actual output of most service sectors is 

about the same under alternative scenarios, and the labor 

savings in the service sectors due to office automation are 

very substantial, especially for lEA #71-75 and 83-85. 

The proportion of employment absorbed in the production ^ 

of capital goods varies considerably from occupation to occu-

pation. While there are differences over time and across 

scenarios, it appears that 5-6% of.the private economy labor 

force is employed directly or indirectly in the-production 

of the private economy's capital goods.^ About 12-15% of 

craftsmen are involved in the production of capital goods, 9-11% 

of laborers, and a somewhat smaller percentage, of operatives. 

^These include capital for public education and health 
care but exclude other government capital. Also excluded 
from these figures are residential real estate and other 
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As could be anticipated, practically no agricultural workers 

and barely 1% of service workers are involved. While under 
' • . • ; • • • • • 

most scenarios f̂ or»inost years.only 2-3% of professionals 

are ,so engaged, this rises to slightly more than 4% by 2000 

under Scenario S3, . , 

Aggregate gross output is in all yeiars several percent 

higher under Scenario S3 (and S2) than SI. ̂ While most of the 

increase in output under Scenario S3 relative to SI is due to 

the production of intermediate goods (involving an indeter­

minate amount of "double-counting"), by far the greatest 

percentage increase (in most years) is in the production of 

investment goods. In the year 2000, fpr, example, aggregate 

gross output of these goods is 6.6% higher-under Scenario S3 

than SI: final demand (comprising personal consumption,^ 

government purchases and net exports but not productive 

investment) is postulated to be the same; output for inter­

industry use is 8.8% higher, and investment is 42.3% higher. 

Figure 1.2 shows annual investment as a percentage of total 

final demand under the three scenarios, from 1963 to 2000; 

several BLS estimates and projections are also shown in the 

figure. The labor savings discussied earlier are, naturally, 

in part made possible by the substitution of capital for 

labor. o 

household capital and business inventories which are all 
accounted for as part of other final demand. 
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Figure 1.2. Investment as a Percentage of Total 
Final Deliveries,a 1963-2000 
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"̂ Investment is defined as gross private fixed capital 
forination, including investment for public education and health 
care.. Total final deliveries includes investment. 

Source: BLS figures are given for 1968, 1973, 1980, 1985, and 
1990 in [U.S. Department of Labor, 1982a, p. 14]. 
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Capital flows under alternative.scenarios are summarized 

in Table. 1.3. Investment in this table is cumulated (in 

constant 1979 prices) over ten-year periods in anattempt to 

focus on secudar changes rather tha|i^year—to-year fluctuations. . 

The first three columns of the table show total investment, ,. 

investment in computers, and investment in robots over three 

successive decades. During both decades 1981^1990 and 1991-2000, 

about half the value of the additional investment ufider' 

Scenario S3 as compared with Si (or S2) is for computers. 

Total investment is about 15% higher under Scenario S3 than 

Si in the 1980's and 50% higher in the 1990's. 

\ 

TaJple 1.3 Total Investment and Investment in 
Computers and Robots 

under Scenarios Si, S2 and S3 by Decade 

0 

1971-
1980 

1981-
1-990 

1991-
2000 

Gross Investment by Decade ' , 
(millions of dollars, 1979 prices) 

Scenarios Si, 
S2, and S3 

Scenario Si 
-Scenario S2 
Scenario S3 

Scenario Si 
Scenario : S2 
Scenario^ S3 

0 

Total 

$2,304,430 

3,552,491 
3,838,773 
4,069,842 

4,103,334 
4,686,-462 
6,151,903 

Computers . 

$34,584 

68,204 
191,161 
330,228 

86,480 
490,7-66 

1,191,765 

Robots 

'$248 

1,870 
5,808 
10,687 

.' 2,338 
11,043 
29>078 

Computers as 
proportion 
of total 

1.5% 

1.9 
5.0 
8.1 

2.1 
10.5 
19.4 
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The increasing use of automatic equipment involves shifts 

not only in the occupational but also in the sectoral distribu­

tion of the work force, with the increased production of cap­

ital goods slowing the transfer from manufacturing to service 

sector employment over the next twenty years. This is seen 

in Figure 1.3/ which is a graphic presentation of the°percentage ,. 

of employment"in manufacturing, service, and other sectors 

between 1963 .and 2000. 

D. Discussion and Implications of the- Results! 

Scenario S3, which is the basis for the following dis-

cussion, assumes the accelerated adoption through the year 

2000 of computer-based automation into all sectors of the 

economy, accompanied by a continual increase in the material 

standard of living. While investment is computed within the 

lEA model, the other components of final demand (personal) , 

consumption, government purchases, and net exports) are pre­

scribed as explained in Chapter 8. This section introduces an 

additional scenario, S4, with alternative final demand assumptions. 

Table 1.4 shows final demand postulated, under Scenario 

S3 on a per employee and per capita basis for selected years 

since 1963 and projections for 1990 and- 2000. The range of 

figures shown for "future populcition corresponds to the most 

recent lowest and highest Dureau cf the Census projections.. 

Final demand per capita and its average annual rate of growth 

are likewise expressed as a range from highest (corresponding, 

to the lowest population projectir-) to lowest (corresponding 
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Figure 1.3 
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Note: Manufacturing is defined to include lEA #12-66 and #86. 
The residuai category, Other Sectors, includes Agriculture (lEA 
#1-4), Mining (lEA #5-10), and Construction (lEA #11). All 
remaining sectors are included as Services. Public administra­
tion, armed forces, and household workers are not included. 
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Table 1.4. Noninvestroent Final Deliveries^ per Ehployee-Year 
and per Capita under Scenario S3 and 84^ 1963-2000. 

43 

* 

Scenario S3 

1963 

1967 

1972 

1977 

1990 

2000 

Scenario S4 

1990 

2000 

Final Deliveries* 
(millions of dollars) 

1979 prices 

$1,226,784 ' 

1,442,482 

1,716,593 

'•1,883,452 

2,902,133 

3,855,045' 

2,782,565 

3,224^360 

Pinal Deliveries* 
per Employee-Year 

(dollars, 1979 
prices) 

$19,189 

20,725 

2^1,951 ; 

21^850 

23,404 

24,680 

V 

24,133 

25,151 

Population 
(millioins) 

' 

189.2 

198.7 . 

. 209.9 

^ 220.2 

,1 _ _ 
246-255 

256-282 

1 

246-255 

256-282 

Final Deliveries* 
per Capita 
(dollars, 1979 
prices) 

$6,484 

7,260 . 

8,178 

8,553 ! 

' 11,797-11,'381 

15,059-13,670 

11,311-10,912 

12,595-11,434 

Average Annual Rate 
of Growth in Final 
Deliveries* Per 
Capita since Last 
Benchmark Year (%1 

' • • • • - . ' • 

• - i _ _ , 

2.87 

2.41 

0.90 

2.50-2.22 

2.47-1.85 

2.2-1.9 

1.1-0.5 

^Final deliveries includes goods and services purchased from the private econotiy *for personal and public 
consultation and net exports. They exclude gross private fixed n<&n-residential investment. -

'^ee text for description of Scenario S4. 

Sources: Final deliveries, see Chapter 8; population, lU.S. Department of Comnerce, 1979, 1982b, 1982cl. 
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to the highest population projection). The last column of '%M 

the table shows the real growth of per capita final demand 

which is postulated in Scenarios SI, S2, and S3 to increase 

over the next twenty years at about 2% a year under the high 
- " * » * • . . • 

population projections. 
N 

The first row of Table 1.5 shows the levels of employment 

which according to Scenario S3 would be required in order to 

satisfy this growth in total final deliveries (assumed in this 

as well as, in Scenarios SI and S2). The first four entries of 

the third row show data-for the same employment concept 

prepared from government .sources for benchmark years between 

1963 and 1977, and the match" with the lEA results is excellent. 

For 1990, the projection based on BLS assumptions (which are 

described in the notes to the table), is presented as a range 

iOf low to high. Since no comparable figures have been projected 

for 2000, we include in the last row of the row of the table 

civilian labor force projections for the purpose of comparison 

with the lEA employment projections. The difference between the 

employment concept of the first three rows and the civilian 

labor force is that the latter measures persons rather than jobs 

and includes both the unemployed and those employed in households 

and public administration. For the .years shown between 1963 and 

1977, this difference amounts to between 6 1/2 and 10 million.^ 

^Public admin 
and as such its fu 
In future work, t6 
will be projected' 
Preliminary cdmput 
raent would be. abou 
tions of Scenario 
11.7% between the 

istration is treated here as a final demand sector, 
ture input structure is based on BLS projections, 
chnological changes affecting public administration 
in terras of individual' technological eoefficients, 
ations suggest that public administration "employ-
t 15.6% less in 2000 under the technological assump-
S3 than those of Si, compared to a difference of 
two scenarios for employment in the private economy. 

is. 
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Table 1.5. U.S. Employment Under Scenarios S3 and S4,3 1963-2!000, 
and Other Projections 

, 

lEA Employment^ Estimates and 
Projections 

Scenario S3 
Scenario S4 

» • 

Actual and Projected Employment from 
Other sources^*'*^ , 

Actual and Projected Civilian•Labor 
Force*^ 

1963 

62.8 
62.8 

62.8 

71.8 

1967 

69.6 
69.6 

70.9 

77.3-. 

1972 

, 7 8 . 2 ; 

78.2 

78.1 

86.5 

1977 

86.2 
86.2 

87.4 

,97.4 

1990 

124.1 
115.3 

111.0-
123.9 

123.9-
138.3 

2000 

156.6 
128.2 

not 
available 

132.8-
157.4 

^See text for description of Scenario S4. 

'^Includes private sector employment (jobs), plus employment 'in public education and 
health. Excludes public administration, armed forces, and household workers. , 

<^Entries for 1963-1977 arie from [U.S. Department of Commerce, 1981, 1982a]. The ratio 
of "business" employment (as defined in note 'a') to civilian laibor force projected by 
the BLS for 1990 [U.S. Department of Labor, 1981] was applied to the civilian labor , 
force projections for 1990 which are given in this, table. The BLS has*not projected • 
figures for 2000. Figures for 1990 and 2000 are reported as a range from low'to high. 

<3Entries for 1963-1977 are from [U.S. Department of Labor, 1980]. The range of pro­
jections for 199a and 2000 are based on the most recent population estimates summariz­
ed in [U.S. Department of Commerce,. 1982b] and rates of participation in the labor . 
force of the portion of the population over age 16 [U.S. Department of Labor, 1,982a, 
Appendix C]. The lowest projection, for example, is calculated from the lowest parti­
cipation rate, and the over-16 portion of the lowest population projection. , 
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, Projected labor requirements under Scenario S3 for 1990 

fall at the upper limit of the BLS-based projection of 124 

million (and the latter assumes an exogenous unemployment 

rate of about 4%). ' 

Looking further into the future, if the civilian labor 

force projections reported in the table are accepted,^^ 

the projected labor requirements of 156.6 million under . 

Scenario S3 for the-year 2000 exceed the' available labor 

force (because even a maximum civilian labor force of 157.4 

million must allow for public administration, household 

workers, and some multiple job-holders). Thus the' rate of • 

growth in final demand tha*t has been assumed under Scenario 

S3, based on BLS projections, could not be achieved through 

only those aspects of technological change that have been 

represented in this scenario. 

The fourth scenario, S4', was formulated to assess wh.at 

future rates of growth of final demand could actually be . 

attained within the constraints of available labor, according 

to current labor force projections, and under the technological 

assumptions of Scenario S3. For Scenario S4 we progressively 

reduced the level, while maintaining the compositon7 of 

"final demand prescribed by Scenario S3 for 1990 and 2000 

(and accordingly also for years between 1980 and 1990 and 

between 1990 and. 2000). For each sequence of final deliveries 

up to the year 2000, the corresponding labor requirements ^ 

l̂ On the accuracy of such projections, see [Keyfitz, 198i; 
and [Fullerton, 1982]. " . • • 
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were computed. The procedure was repeated-until the computed 

labor required for 1990 and for 2000 fell within the range of 

labor force projections reported in Table 1.5. Of course, 

with additional iterations one could ensure closing in on 

a prescribed level of final demand that would result in 

any specific labor force projection (e.g., the midpoints 

of the ranges shown in Table 1.5). Some results of Scenario 

S4 are presented in Tables 1.4 and 1.5,' 

When the value (in 1979 prices) of final demand—excluding 

investment—under Scenario S3 (based on BLS projections) is 

reduced by 4.4% in 1990 and 16.8% in 2000 (compare Scenarios* S3 

and S4, Table 1.4), the aggregate employment requirements under 

Scenario S4 fall within the range of the projected labor force 

(Table 1.5). Because overall economic activity is lower under 

Scenario S4 than S3, there will be less investment. For this 

reason the percentage reduction in the demand for labor as 

compared to that of Scenario S3 is even greater than that of 

final demand. For any given year, the occupational composition 

of employment turns out to be virtually.identical under Sceri-

arios S3 and S4, with a lower representation under S4 of 

those engaged particularly in the production of capital ' ' 

goods; for example, craftsmen, represent *14.7% of the empQ,oyed 

in 2000 compared to 15.0% under Scenario S3.^^ 

l̂ In fact, all three scenarios. Si, S2, and S3, were 
recomputed with the new final demand projections (S4 is the 
one of the three corresponding to the technological assump­
tions of 33). All of the observations made- earlier in this 
chapter comparing the results of Scenario S3 to S2 and SI 
hold with the new, as well as the original, final-demand pro­
jections although the actual figures are of course different. 
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Under Scenario S4, per capita final deliveries grow at 

about 2% a year through the 1980's and between 0.-3-1.1% 
t) - . , • • 

through the 1990's.^2 This is^an estimate'of the extent to 

which real per capita consumption will be able to increase 

over the next two decades if the entire projected labqr 

force is employed using the progressively phased-iri computer-

based technologies. Figure 1.4 summarizes the differences 

in postulated aggregate final demand and resulting levels of 

employment between Scenarios S3 and S4. 

Based on the findings presented in this report/ it is 

not yet possible to pass a final verdict on the question of 

technological unemployment by the year 2000. Technological 

changes taken into account in the.four scenarios described 

in it have been limited to computer-based automation. To arrivie 

at a verdict, it will be necessary to ascertain by means of 

equally detailed factual inquiry and to incorporate into the 

technical matrices used.in these projections other types of 

change that are bound to take place, for example in agriculture 
. . . ' • • 

and °in the substitution of materiails—like, plastics .for 

metals on the one hand and for paper on the other. Moreover, 

we have explicitly excluded from our scenarios any major 

If Figure 1.2/ showing investment as a proportion of total 
final demand, were redrawn for the three new scenarios, all 
three.curves would be almost flat after the late 1990's. 
The lowering of , final demand has this effect since most new 
capital is introduced when capacity is expanded?. 

12pixed final deliveries aire combined with high-growth and 
low-growth population projections. Thus the 1.1% rate of growth 
of per capita final deliveries corresponds to the low population 
projection, and 0.5%- to the high population projection. 
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Figure 1.4. Growth in Final Deliveries and Employment'̂  
under Scenarios S3 and 84, ISSB-sizbOO 

(1963 =1.0) 

2.5 • 

Final Deliveries,^ 
Scenario S3 

Final Deliveries,^ 
Scenario S4. 

Employment,'̂ '̂ ^ 
Scenario S3 

Employment, Scenario S4 

Scenario S3 

Scenario S4 

1963 1967 1972 1977 1990 2000 

.'̂ See note a. Table 1.4. 

^See note b, Table 1.5. 

^Hashed lines [="'̂. .show range of employment projections 
'based on official sources. The. range for 2000 assum̂ ŝ 
the same employment to civilian labor force ratios as 
given in Table 1.5 for 1990. 

Source: pTnal Deliveries, Table 1 .c4. 'Employment, Table 1.5, 
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\ 

break-throughs .in computer technology that might affect sig­

nificant numbers of workers before the year 2000. While it 

is likely to be at. least twenty years before products embodying 

future break-throughs in areas such as automatic programming, 

speech recognition, or robot vision are actually adopted on 

a large scale, some surprises are certainly possible. 

The great industrial revolution inaugurated by the intro­

duction of mechanical'power continued to transform western 

economies and society over a period, of some two hundred years. 

The electronic revolution became visible only a few years ago, 

ancjy by the year 2000 it will be not more advanced than the 

mechanization of European economies had advanced by, say, 

the year 1820. 

A major consideration in realizing the transition from 

the old to new technologies will be the availability of 

workers with the training and skills tha,t match the work 

that needs to be done. According to Scenario S3, labor 

requirements to satisfy a continually but moderately increasing 

standard of living will number 124 million jobs in 1990 with 

the required occupational.composition, reflecting the tech­

nologies that will be in place, given in Table 1.1. Let us 

suppose that there is an adequate total number of individuals 

to fill these jobs, but that because of very slow change in 

the orientation of education, training, guidance, and so 

on, these individuals' skills and occupational expectations 

will reflect the mix of jobs that corresponded to the tech­

nologies that were, in place in 1978 (also shown in Table 1.1). 
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Under these assumptions, 744,0000 managers (0.6% of 124 

million), and over five million clerical workers would be 

potentially unemployed in 1990 while there would be unfilled 

positions (in the same total amount under .the present simple 
' • ' • . . . • ' • - • . - - ' • • 

assumptions) in the other aggregate occupational categories'.' 

Of course some of those seeking managerial and clerical ' 

employment would be able to find jobs of other kinds but with 

obvious limitations on the degree of job mobility. 

The same considerations apply within each broad̂  occupa­

tional category. Among professionals, for example, the lEA 

employment projections for 1990 show a greater proportion of 

engineers and especially of computer specialists than in..l978. 

Among skilled workers, the projections include a higher pro­

portion of foremen and production mechanics and a lower propor­

tion of construction and metal-working craftsmen than in 1978. 

The crude experiment described above provides of course 

only a very rough approximation of the ability of the future 

labor force to fulfill'specific job requirements. An adequate 

evaluation will require comparably detailed analysis of the 

future structure of households and the job-related attributes 

of their members.. This has not yet been carried out. 

Concerted efforts in education and training can facilitate 

this shift in the occupational composition of the labor force. 

Scenario S3 requires that the production of electronic educa-

ti\onal courseware grow in real terms at over 35% a year in 

the 1980's and over 10%' in the 1990's. (The underlying 

assumptions about the use of computers in education are 
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discussed at length in Chapter 6.) In the past, higher, 

levels of "conventional" education in the U.S. relative to 

other countries also played a key role in the successful 

transformation of our labor force from mainly agricultural 

workers into a wide range of othej: occupations. As was the 

case in the past for conventional education, the growth and 

quality of computer-baaed education and its delivery will no 

doubt become an item of government policy and corporate and 

trade union strategies. ' • < 
• tj . 

This study has taken a first systematic albeit partial 

glance at prospects for employment for almost twenty years 

into the future, a significant lengthening of the usual time 

horizon for economic inquiry. With the feasibility and 

fruitfulness the approach taken in this study, now hopefully 

demonstrated, we need to extend and improve the sector studies 

on which the scenarios are based and investigate the impacts 

on the distribution of income implied by the technological 

assumptions (see [Duchin, 1984]). It will also be necessary, 

instead of taking final deliveries as given,, to formulate and 

implement a completely closed dynamic input-output model in 

which consumption and employment ar^ determined simultaneously. . 

These are some of the next steps in our agenda. 

In the meantime,a the framework developed for this study 

can profitably be used to investigate numerous critical 

economic issues which have until now not been subject to 
t. 

systematic inquiry. . 

54 



1.36 

References 

Bezdek, Roger H. and Robert M. Wendling, "Disaggregation of 
Structural Change in the American Economy: 1947-1966," 
The Review of Income and Wealth, Series 22, no. 2 (June 1976), 
167-185. 

Carter, Anne P., Structural Change in the American Economy, 
Cambridge: Harvard University Press, 1970. • 

Duchin, F., "Automation and Its Impacts on Employment and Income,"-
in Employm'ent Implications of the Changing Industrial Base, 
ed. E. Collins and L. Tanner, Cambridge, Mass.:. Ballinger 
Publishing Co., forthcoming 1984. 

Fullerton, Howard N., "How Accurate Were Projections of the 
1980 Labor Force?" Monthly Labor Review, July 1982, ** 
pp. "15-21. 

Keyfitz, Nathan, "The Limits of Population Forecasting," 
Population and Development Review, Dec. 1981,'pp. 579-9-3. 

Leontief, Wassily, The Structure of the American Economy, 1919-
1929, Cambridge: Harvard University Press, 1941. 

" ' , Anne P. Carter and Peter A. Petri, The Future of 
the World Economy, New York: Oxford University Press, 1977. 

Osterreichisches Institut fur Wirtschaftsforschung and 
Osterreich'ische Akademie der Wissenschaften, Mikroelektronik; 
Anwendungeh, Verbreitung und Auswirkungen am Beispiel 
Osterreichs, Wien: Springer-Verlag, 1981. 

U.S. Department of Commerce, Bureau of the Census, Current 
Population Reports,> Series P-25, Nos. 80i2, 920, 922, Washing­
ton, D.C., May 1979, May 1982a, October 1982b. 

U.S. Department of Commerce, Bureau of Economic Analysis, 
The Nati'̂ onal Income and Product Accounts of the United 
States, 1929-1976 .Statistical Tables, Washington, D.C., 
'September 1981. 

, "Revised Estimates of National Income and 
Proaucts Accounts," -Survey of Current Business, 63 . 
(July 1982c).. . . . . 

U.S. Department of Labor, Bureau of Labor Statistics, Handbook 
of Labor Statistics, Bulletin 2070, Washington, D.C., Dec. 1980, 

* , The National Industry Occupation Employment Matrix,-
1970, 1978 and Projected 1990, Bulletin.2086, 2 vols., 
Washington, D.C, April 1981. 

55 



''«\ 

1/37 

_, Economic Projections to 1990, Bulletin 2121, 
Washington, D.C., March 1982a. 

, BLS Economic Growth Model System for Projections 
to 1990, Bulletin 2112, Washington, D.C., April 1982b. 

Vaccara, Beatrice N., and Nahcy W..Simon. "Factors Affecting 
the Postwar Industrial Composition of Real Product," in 

\ The Industrial Composition of Income and Product, ed. 
John Kendrick, New York: National Bureau of Economic 
Research, distributed by Columbia University Press, 1968, 
pp. 19-58. 

56 



•Chapter 2. Dynamic Input-Output Model 

A. Introduction • 

Virtually all of the empirical work to date making use 

of the input-output (10) approach has been carried out within 

the context of the static model in which the levels of all 

categories of final demand are exogenously fixed. •̂  The 

static 10 model, through the matrix of technical coefficients, 

A (or the so-called Leontief inverse, (I-A)"*l), represents 

the interdependency among all the producing sectors of the 

economy. Any set of outputs computed on the basis of this 

matrix will be consistent with respect to the levels of 

activity of;all individual sectors at any given time.' These 

properties account for the frequent usb of the static 10 model. 

The objective of the dynamic 10 model is to extend these 

properties to include the determination of the sectoral 

production and accumulation of capital goods. Eadh sector's 

demand for capital goods per unit of its own output is deter­

mined by its detailed technical requirements, represented in 

the capital coefficient matrix B. The model framework 

imposes intertemporal consistency between the specific capital 

items produced and delivered in one period and increments 

of output that in subsequent periods will be available for 

use. Studying and extending the properties of the dynamic 

lone noteworthy exception is the World Model [Leontief, 
Carter, and Petri, 1977], which takes some preliminary steps 
in "closing" the model for final demand. 
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model is at the present time one of the most active areas of 

theoretical input-output research. 

The formal dynamic model has never been implemented for 

two reasons. First, the data requirements are very extensive 

(as illustrated by Chapters 3 to 5 of this report). But more 

fundamentally, the implementation of. existing formal models 

would produce implausible results. This chapter describes 

the characteristics of the dynamic 10 model, indicates the 

nature of the difficulties, and presents the formulation 

sucessfully implemented for this study. 

B. Historical Development 

The first dynamic input-output model was formulated by 

Leontief in 1949 [Leontief, 1953]. He represented investment 

as l̂the rate of change in required capital stocks, with a 

vector differential equation of the form > 

X •- Ax - Bx = y (1) 

where x is the vector of outputs, A is the matrix .of input 

requirements on current account, B is the matrix of capital 

requirements, and y is the vector\of non-investment final demand. 
\ 

Leontief exhibited the form of the- solution of Equation (1) 

in the case where the components of y are exponentials 

[Leontief, 1953, pp. 59-65], and in ' [Iverson, 1954] for the first 

time actual parameters were empirically estimated in numerical 

solutions of such systems of up to 21 differential equations 

describing the U.S. economy in terms of 21 inter-related sectors. 

Leontief eventually formulated the model in terms of a 

difference equation with dated technical matrices reflecting 
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structural change in the economy [LeontiefV1970]: 

. xt - Atxt - Bt+i(xt+i-xt) = yf. (2) 

'Equation (2) is intended to be solved for the set of vectors 

of outputs, consistent with the given time sequence of tech-

nical matrices and final demand requirements. In theoretical 

work the system is "closed," i.e., househplds are treated as 

a "producing sector" and consumption as its "technologically 

determined" input vector. In addition^ it is assumed that 

no technical change takes place. Under these circumstances. 

Equation (2) jreduces to: ^ . 

xt - Axt - B(xt+i-xt) = 0 . (3) 

A minimal condition for an economically meaningful 

solution is the existence of a set of nonnegative vectors 

of output xt satisfying Equation (3). It is well known 

that when the model is solved forward in time, a set of 

nonnegative solutions exists only if the initial conditions 

lie on the so-called "balanced growth path;" conditions for 

the existence of a balanced growth path are discussed in 

[Szyld, 1983]. Actual values for initial conditions will 

rarely exactly satisfy this constraint. 

'The fact that negative outputs will typically be gen­

erated follows from the implicit requirement in Equations (2) 

or (3) that the entire physical productive capacity be utilized 

(i.e., full capacity utilization), which involves both pe;:fect 

^The stock is said to be reversible if capital in. place 
but not in use in a particular sector is freely transferable 
to other uses within the economy. Thiis occurs when elements 
of (xt+i-xt)'Or X in Equations (l)-(3-) are negative. 
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foresight of futijÂ  stock requirements and the "reversibility"^ 

of the capital stock-. To assure the irrevetrsibility of 

capital already in place, a "multi-rphase process" was ̂ suggested 

[Leontief, 19531 according to which capital stocks are in-

creased only when output grows. In [Uzawa, 1956] this process 

was represented by replacing the term Bx in Equation (1) by 

B«max(x,0).' Uzawa was able to prove under certain 

conditions the existence of *solutions to this formulation of 

the dynamic model. The introduction of this nonlinearity 
/ . ; .. . • 

amounted to allowing for unused capacity when out|)ut is falling. 

While this approach appeared promising, Leontief and others 

[Leontief, 1953; Qorfman, Samuelson and Solow, 1958], were 

concerned about possible contradictions in switching between 

this regime when output is falling and the full capacity' 

utilization required when output is rising. This potential 

problem is not encountered'if one (realistically) abandons 

the requirement of .full "capacity utilization even when output 

.is growing; but then, the model must provide for the, determination 

of a particular, sectoral pattern of capacity utilization. 

This is the approach taken in the present formulation. 

We assume that the effective expansion of a sector's 

capacity may require several time periods, in which case 

expansion plans must be formulated and their implementation 
if • ' • . • 

begun this amountof time in advance.. The amount of .planned 

expansion depends upon future sectoral production as anticipated 

when the plan is formulated. Once in place, the plan is 

adhered to even if the sector's circumstances change. If 

adequate capacity is already in place, no expansion plan is 
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implemented. These assumptions are explicitly represented 

in the following section. 

Another difficulty that arises in solving Equations (2) or 

(3) for x^+i in terms of X|. is the need to invert the capital 

matrix B. While most theoretica.1 work is carried out at a 

higher level of abstraction in .which it is assumed that the B 

matrix is invertible, the fact is that the matrix is invariably 

singular, with-rows of zeros corresponding to sectors that do not 

produce durable (or stockable) goods. It has proved, possible 

(under certain assumptions) to solve the system within the bal­

anced growth framework despite the singularity of the B matrix 

[Livesey, 1973 and 1976; Luenberger^and Arbel, 1977; Meyer, 1982]; 

but these results have not Ueen used td solve empirical problems 

in part because of the other difficulties described earlier, 

such as the assumption of full capacity utilization. Solutions, 

to the model we have devised are obtained at each time step 

without requiring the inversion of the singular B matrices. 

Implicit in the formulation of Equations (2) and (3) is 

the assumption that the capital goods needed to increase a 

sector's productive capacity between periods t and t+1 are 

produced- during period t. The algebraic representation of 

different gestation periods for different capital goods was 

introduced by [Johansen, 1978] who also demonstrated the 

existence of a balanced growth path solution for the model 

he presented, without technological change. The question 

was further studied by [Aberg and Persson, 1981], and a 

similar concept had been used by [Belen'kii, Volkonskii-, 
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and Pavlov, 1973-5] and [Volkonskii, 1975-6], Our formulation 

also allows for different lag structures. 

As in the static model, a dual price equation can be 

written for the dynapic 10 model; the price system is not 

treated in this report. 

C. Model Developed for This Study 

Our objective was to design a dynamic input-output model 

to study the effects on labor requirements in the United 

States of^alternative scenarios of technological change 

between 1963 and 2000. Once a model of the type represented 

by Equation (2) is solve.d for the vector of outputs for 

period t, x(t),-^ the vector of employment requirements by* 

occupation is easily obtained. 

In the present formulation, the investment term in 

Equation (2) is" replaced by expressions formulated in accordance 

with the following considerations: 

'̂ . 

Once capacity is in place, it need not be 
fully utilized and is not reversible'. 

•* 

In each time period, expansion decisions are 
made for each sector based on recent past growth 
rates, and capital goods aire ordered. 

Some capital goods must be delivered several 
periods before the new facility of which they are 
part can effectively add to th6 investing sector's 
capacity. 

^In this section of the^chapter, time is represented by 
the letter t in parentheses rather than as a subscript. We 
reserve the use of subscripts to denote the specific components 
{e.g., sectors) of a vector. Equation (2), for example-, 
becomes x( t )-A( t )x( t)-B( t+I) [x( t+1 )-x( t) ] =y (t)'. 
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Replacement investment is explicitly represented, 
separately from expansion. 

We introduce two additional (vector) variables: 

c(t) output capacity during period t 

o(t) increase in productive capacity between periods 

— ^ t-1 and t 

and we define c(t) = c(t.-l) + o(t). If for sector i, .Ci(t) > Xi(t), 

capacity is under-utilized; if ci(t) < xi(t), it is over-

utilized.'* 

A sector's future capacity requirements are projected 

several periods -in_advanee_,_inde.p.end.enJtijo.fJJt.h_e_j:_apsLCJiJLy_ji :_!.:,. _ 

place.' For that reason we also introduce the vector c*(t) of 

projected capacity requirements for (future) period k and 

define the increase in capacity in sector i as: 

o^(t) = max[0,Cj^(t)-Cj^(t-l)] 

Thus if c^(t-l) >̂  Cĵ (t) then Oĵ (t) = 0, no new output capacity 

is needed, and Ci(t). = ci(t-l). Otherwise, the change in 

capacity, o, is the increase needed to achieve the projected 

capacity requirement, c*. 

The investment term in period k could now be written as 

B(t+l)o(t+l), implying that investment goods required°to 

increase the capacity in pe'riod t+1 are produced and delivered 

one period earlier. In.fact, we recognize that different 

^Over- and under-utilization are relative to a presumed, 
•state of exactly full capacity utilization. Base year rates' 
of capacity utilization are specified in the initial conditions 
(see Chapter 3), and the concept in the model follows whatever 
interpretation is used in their derivation. 
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types of capital goods may have to be delivered two or more 

periods earlier. We denote by T^J the lag between the 

period when a capital item is produced (by sector i) and the 

period in which it effectively adds to the capacity of 

sector j and by TJ the maximum lag for any capital good 

required by sector j, i.e., TJ = max tij. 
• i 

Planned capacity expansion in sector j will require TJ 

periods for its. realization and thus will need to be formulated 

at least TJ periods in .advance. For the present study we. make 

the provisional simplifying assumptions that T^J and TJ ^ 

are the same for all capital-using sectors j. Following 

[Johansen, 1978, p. 515] we denote as T^ the lag for 

capital goods produced by sector i and T = max T^. 

The investment term now becomes 

I B6(.t)o(t+9) 
0=1 

where the ij^" entry of B (t), b j_j(t), is the amount, 

of capital produced in period t by sectoral to increase the 

capacity of sector j by one unit in. period t+9.5 Of course, 

b^ij(t) = 0 for 9 > T^. 

In the present formulation fjature capacity requirements, 

c*{t+T) planned T periods in advance, are assumed to be de­

termined by recent past changes in sectoral output. In order to 

^These capital coefficient matrices B®(t) art reiate.d 
to B(t+1) of Equation (2)'by 

B(t+i)= I Be(t+e-i). 
• S = l 
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prevent excessive expansion plans in time of rapid growth, 

likely to be followed by'a long pexiod of underutilization, 

a sector-specific maximum "cidmissible annual rate of expansion 

of capacity, 6, is imposed. « (Only the sector's expansion 

investment and not its output is potentially constrained 

by 6.) This results in the following expression: 

T+1 

Cĵ ( t+T ) = max 1+6 i/ 
Xi{t-l)+Xi(t-.2) 

Xi(t-l). (4) 
Xi(t-2)+Xi{t-3) 

We can now write the whole*model and solve for x(t) for 

each period, from to through the final period t-j. The. initial 

conditions must specify values for 

c(to) , , 

.x(t), t.= to-3,...,to-l 

Given these initial conditions, we compute c*, o, and c, in that 

order, for periods tQ+l through tg+T-l. For each period 

in turn (t = tQ,..., tx) we first solve for c*(t+T)' using 

(4). Then we compute the future additions \o capacity 

o(t+T) - max [0,c*(t+T)-c(t+T-l)] (5) 

and we update the capacity, 

C(t+T) = c{t+T-l) + o(t+T). (6) . 

Replacement investment is represented as 

R(t)x(t) 

where the* ij*^^ entry of the replacement matrix'R(t) is the 

amount of capital goods produced by sector i that must be replaced 

in order to produce a unit of output of,sector j during period t. 

We c'an now solve for x(t) from • 
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[IrA(t)-R(t)]x(t) = ^ B9(t)o{t+e)+y(t). 
8=1 

(7) 

(Inversion of the B matrices iS clearly not at issue in this . 

formulation.) Thus Equation-(2) has been replaced by Equations (4-7). 

Finally, labor requirements by occupation during period k are 

obtained as 

e(t) = L(t)x(t) ,, (8) 

where the qj^'^ element of L(t) is the amount of labor of 

occupation q required to produce a unit of output of sector j 

during period t. J 

D. Data Requirements 

Most of the data required, to implement this model, for . 

empirical investigation, are presented and documented in the 

appropriate chapters of this report. 

We know of no systematic empirical work on the lag, by 

item of physical capital, between the time it is delivered 

and when it becomes productive. In all the computations .carried 

out for this report, we-^ave assumed a maximum lag T=3 in order 

to permit a £rude distinctioti among plant, major equipment, and 

capitalizations that are likely to be put into production shortly 
'Si. 

after'delivery. Table 2.1 shows the lags, x^ of from 1 to 3 

periods assigned to the different capital-producing sectors. 

They are very rough estimates and in future work should be 

based on empirical investigation. 

The sectoral ceilings on annual anticipated rates of real 

growth of output {6j_}, which are used in the determination 

of future capacity (but do not dit'ectly constrain the.sector's 
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Table 2.1. ; Sectoral Lags 

Code 

11 
12 
36 
37 
39 
40 

• 41 
42 
46 
47 

. 48 
49 
50 
52 
53 
60 
64 
65' 

^The 
is 2 

Sector 

Construction 
Ordnance" and Accessories 

. Primary Iron and Steel Manufacturing 
Primary Nonferrous Metals Manufacturing 
Heatinqv Plumbing and Structural Metal Products 
Screw Machine Products and Stamping 
Other Fabricated Metal Products 
Engines and Turbines 
Metalworking Machinery and Equipment 
Special Industry Machinery and Equipment 
General Industrial Machinery and Equipment 
Miscellaneous Machinery Except Electrical 
Electronic Computing and Related Equipment 
Service Industry Machines ,'" 
Electric Industrial Equipment and Apparatus 
Miscellaneous Electrical Machinery and Supplies 
Scientific and Controlling Instruments 
Optical, Ophthalmical and Photographic Equipment. 
All other capital-producing sectors 

Years 

• 3. 

' 2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 (1)3 
2 
2 . 
2 
2 
2 
1 

Lag for lEA #50, Electronic Computing and Related Equipment, 
from 1963 to 1969 and 1 thereafter. •• 

future growth), are shown in Table 2.2. For most sectors 

that ceiling is assumed to be 5%, potentially limiting expansion 

investment so that at full capacity utilization, real output 

capacity four periods-ahead will be no more than 21.6% higher 

than output in the current period. (The model permits 
0 

more than "full" utilization of capacity, however.) As 

shown in the table, twelve, sectors were assumed to operate 

with higher limits on anticipated growth for purposes of 

capital planning. 
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Table 2.2. Maximum Annual Anticipated Growth Rates 
for Projection of Future Capacity Requirements 

Code 

50 

51 

57 
58 

59 

77 
81 
82 

83 
86 
87 
88 

a The 

Sector 

Electronic"Computing and 
Related Equipment 

Office Equipment, except 
lEA #50 . 

Electron Tubes 
Semiconductors and Related 
Devices \-. • 

Other Electronic Components, 
nee 

Business Services 
Hospitals 
Health Services, excluding 

Hospitals 
Educational Services 
Robotics 
Instructional TV 
Computer-based Instruction 
All- other 

Real Rate of 

20% 

15 

10 
,/15 

15 

10 
7 
7 

7 
ft 

15 
20 
20 
5 

maximum rate for lEA #50, Electronic Computing 
Related Equipment,, is 20% from 1963 to 1969, 
197( J to 1979 and 12% thereafter. 

Growth 

(15,12)3 

t 

- • 

' 

X) 

and 
15% from 

• 

By decoupling actual output from productive capacity and 
' • . 'I 

in addition refining the representatition of investment in several 

ways, the dynamic input-output model described in this chapter 

provides a suitable framework for empirical analysis. The Appendix 

contains the graphic results of the analysis described in 

this report. ' 
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Chapter 3 . Data, 1963-1980 

A. Introduction 

The dynamic model which is described in Chapter 2 requires 

extensive data on production, capital and employment by industry. 

Most of these data are made available in various publications 

by the Department of Commerce or the Department of Labor. 

The basic sources of information are the 10 studies pub­

lished for 1963, 19o7 and 1972 by the BEA, in the Department of 

Commerce [U.S. Department of Commerce, 1969, 1974a, 1979]. The 

10 table for each of 'these three years describes the flows of 

commodities produced and consumed by each industry and the 

commodities absorbed by different final uses: private consump-

tion, capital formation, government purchases and foreign trade. 

The BEA has also produced capital flow tables (CFT's) for 1963, 

1967 and 1972 [U.S. Department of Commerce, 1971b, 1975a, 1980] 

which disaggregate the investment portion of final demand in the 

corresponding 10 table and show the flows of the different fixed 

capital goods to the industries which use them. The official 

10 study prepared for 1977 by the BEA is not yet published, but 

the BLS in the U.S. Department of Labor has made available a 

preliminary 10 table for 1977 [U.S. Department of Labor, 1982b]. 

Price indexes for 10 industries and several series on 

sectoral capital stocks and flows are produced by the BLS 

which has also prepared detailed occupation by.industry matrices 

for 1960, 1970, and 1978. Other sources of information which 

have been used are described in the course of the chapter. 
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The preparation of the data required reconciling different 

classifications and conventions among data sources and from 

one 10 study to the next. Some of the changes correspond to , 

an improvement in methodology. Others are explained by actual 

changes in the economy; technical^change,_.for_example,.„.invo_lves_ 

the appearance and disappearance of certain commodities and . 

the industries which produce them. When it was possible, we 

-t-ried to trans.f-orm—the—ear 1 iest_data to conform with the latest 

conventions. Differences and incompatibilities among data 

sources are explained mainly by the decentralized approach 
*• 

to the collection of government data. 

The lEA model is computed on an annual basis and is used. 

to analyze the effects of technological change in the long-term. 

Linear extrapolation was used to'produce matrices of coefficients 

for-the years between the benchmark years for which full detail 

is available. 

The changes required to make conventions and valuation 

uniform in the different 10 studies are explained in Section 

B of this chapter. It includes also a presentation of the 

industrial classification used in the model, the treatment 

of imports, secondary products, and eating and drinking . 

places, and deflation of the data so that all magnitudes 

would be expressed in 1979.prices. 

Section C-is devoted to computations required to obtain 

the three matrices of. coefficients A, B and R. Data for 

initial conditions and control totals are described in Section D 

followed by an explanation of the of data describing employment 
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by industry and occupation^ in Section E. The description of 

coefficent matrices for 1978-1980 in Section F ends this chapter, 

B. Conventions and Valuation ,̂  *' 

1. Sectoral Classification Scheme 

One of the first steps in preparing the database involved 

selecting of sectoral and occupational classification schemes 

and reconciling the existing official data series into these 

categories. This section describes- the sectoral classification 

scheme used in preparing the A, B, R, and L matrices with 

particular reference to the BEA 10 and capital flow tables 

used in their preparation. 

The capital flow tables which enter into the computation 

of B and R matrices contain columns showing the detailed commodity 

composition of gross,investment in fixed capital for .77 sectors. 

The 1963 and 1967 BEA 10 tables consist of 368 sectors 

while the 1972 BEA 10 table and the 1977 BLS 10 tables have 

been further disaggregated to 496 sectors. Several BEA sector 

codes do not appear at all in our classification. These 

include so-called Special Industries (Government Industry, 

Household Industry, Rest of the World Industry, and Inventory 

Valuation'Adjustment) which contain only the value added 

portion of the corresponding final demand sectors. The 

"dummy" industries reflect the secondary production of certain 

goods and vanish when the industry by industry table of 

transactions is calculated. Noncompetitive imports (explained _ 

below) are treated as external to the transaction table and 

are included in value added. 
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The industrial classification of the BEA 10 tables is 

based on the Standard Industry Classification (SIC). The 

SIC was revised between 1963, 1967 and 1972 (described, re­

spectively, in the SIC manuals of 1957, 1967, and 1972, 

[U.S. Executive Office of the President, 1957, 1967, 1972]). 

While the changes between the 1957 and 1967 editions were 

minimal, substantial changes took place between 1967* and 1972. 

Most.sectors at the level of detail of the lEA classification 

were unaffected, however, and among those that were affected,' 

we were able to ascertain that the impact was smal' by comparing 

BLS sectoral outputs conforming to one SIC classi; .::ation' 

with BEA sectoral outputs conforming to the other. The dis­

crepancies were significant, howe<^er, for three sectors (lEA 

#4, Agricultural,. Forestry, and Fishery Services; lEA #32, 

Leather Tanning and Finishing; and lEA #79, Automobile Repair 

Services). In the absence of further information, the BEA 

representation for each benchmark year was maintained. 

A major objective in determining the sector scheme was 

to segregate those sectors likely to be major actors^ in the 

production or adoption of automated equipment, like/computers 

and semiconductors. A detailed representation of the 

important "service" sectors was desirable because of their 

large employment and int'̂ ensive use'of computers. ; 

The sectoral classification scheme for the lEA database 

contains 89 sectors, including three newly emerging ones not* 

yet included in official data series; the classification scheme-

is shown' in Table 3.1. It follows the 2-digit BEA classification 
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Table 3,1. lEA Sectoral Classification 
and Corresponding BEA Codes 

lEA 
Code 

1-
2 
3 
4 
5 
6 

Description of Sector 
BEA 
Code 

~L±v-e siro c k—a n d—M-v es t o e k—P r od u c-ts •- — 
Other Agricultural Products 
Forestry and Fishery Products 
Agricultural, Forestry, and Fishery Services 
Iron and Ferroalloy Ores Mining 
Nonferrous Me.tal Ores Mining 

1 Coarl~Ml"nTng~ . 
8 Crude Petroleum and Natural Gas 
9 Stone and Clay Mining and Quarrying 
10 Chemical and Fertilizer Mineral Mining 
11 Construction . _ 
12 Ordnance and Accessories 
13 Food and Kindred Products 
1.4 Tobacco Manufactures 
15 Broad and Narrow Fabrics, Yarn and Thread Mills 
16. Miscellaneous Tektile Goods and Floor Coverings 
17. • Apparel ' •' 
IB : Miscellaneous Fabricated Textile Products 
19 Lumber and Wood Products, except Containers 
20 Wood Containers 
21 Household Furniture 
22 Other Furniture and Fixtures 
23 Paper and Allied Products, except Containers 
24 Paperboard Containers- and Boxes 
25 Printing and Publishing 
26 Chemicals and Selected Chemical Products 
27 • Plastics and Synthetic Materials 
28 Drugs, Cleaning and Toilet Preparations 
29 Paints and Allied Products 
30 Petroleum Refining and Allied Industries 
31 Rubber and Miscellaneous Plastic Products 
32 Leather Tanning and Finishing 
33 Footwear.and Other Leather Products 
34 Glass and Glass Products 
35 Stone and Clay Products 
36 Primary Iron and Steel Manufacturing 
37 Primary Nonferrous Metals Manufacturing • 
38 Metal Containers • 
39 ideating. Plumbing and Structural Metal Products 
40 . Sgjc,ew Machine Products and Stampings 

2 
3 
4 
.5 
6 
7 -
8 
8 

10 
"11, 
13 
14 
15 
16 
17 
18 • 
19 
20 
21 
22 
23 • 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37. 
38 
39 
40 
41 

m 
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41 Other Fabricated Metal Products 
42 Engines and Turbines 
43 Farm and Garden Machinery 
44 construction and Mining Machinery 
45 Materials Handling Machinery and Equipment 
46 Metalworking Machinery and Equipment 
47 Special Industry Machinery and Equipment 

42 
43 
44 
45 
46 
47 
48 

48 General Industrial Machinery and Equipment 
49 Miscellaneous Machiniery, Except Electrical 
50 Electronic Computing and,Related Equipment 
51 Office Equipment, Except IEA #50 
52 Service Industry Machines 
53 Electric Industrial Equipment and i^paratus 
54 Household i\̂ pliances / 
55 Electric Lighting and Wiring Equipment 
56 Radio, TV, and Coirmunications Equipment 
57 Electron Tube? 
58 Semiconductors and Related Etevices 
59 Electronic Components, nee. 
60 Miscellaneous Electrical Machinery and Supplies 
61 Motor Vehicles and Equipment " 
62 Aircraft and Parts 
63 Other Transportation Equipment 
64 Scientific and Controlling Instrunents * 
65 Optical, Cphthalmical, and Photographic Equipment 
66 Miscellaneous Manufacturing 
67 Transportation and Warehousing 
68 Communications, Except Radio and TV, 
69 Radio, and TV Broadcasting 
70 Electric, Gas, Water and Sanitary Services 
71 Wholesale Trade 
72 Retail Trade 
73 Finance 
74 Insurance ' -
75 Real e s t a t e and Rental 
76 EfoteIs, Personal and Repair Services exc. Auto 
77 Business Services 
78 Eating and Drinking Places 
79 Automobile-^tepair Services 
80 ^ Anuseraents 
81 Eibspitals 
82 Health Services, excluding Hospitals 
83 Educational Services 
84 t̂onprofit Organizations 
85 Government Enterprises 
86 Robotics Manufacturing 
87 Instructional TV ' 
88 Computer-Ba§ed Instruction 
89 Public Education 

49 
50 
51.01 
51 except 51.01 
52 
53 
54 
55 
56 
57.01 
57.02 
57.03 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69.01 
69.02 
70.01-.03 
70.04, .05 
71 
72 
73' 
74 
.75 
76 
77.02 
77.01, .03 
77.04 
77-.05-.09 
78, 79 

(final demand 
column) 
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with the, following exceptions. The BEA sectors for new and 

maintenance qonstru-ction were aggregated into a single con­

struction sector; and federal, state, and local government 

enterprises were likewise combined into one lEA sector. On 

-trhe—otrher-harTd7~B-EA--#-5i7ir"'ef̂ -ce-î eompatri-ng, and—Accoxm-trng 

Machines, was split into two sectors with computers separated 

from other office equipment. BEA #57, Electronic Components 

and Accessories, was split into the rapidly growing Semicon­

ductors and Related jDevices, Electron Tubes, and the remainder. 

Trade was divided into wholesale and retail, and Fina|)ce and 

Insurance are shown separately. BEA #77 was subdivided into 

Hospitals, Other Health Services, Educational Services, and 

Nonprofit Organizations.^^ our scheme, purchases.of residen­

tial real estate are taken out of the capital matrices and 

put into- final demand because, the demand for this investment 

is not directly determined by the productive requirements of 

the economy. Public Education and Health are treated as 

producing sectors which sell to final demand. 

2. Imports 

The U.S. 10 tables make a distinction between imports 

which are comparable with domestic production and those 

which do not have any equivalent- produced inside the U.S. 

The first are called comparable imports and the second, 

noncomparable. 

The treatment of noncomparable imports does not present 

any particular problem as it is identic^ in the four 10 studies 

(1963, 1967, 1972 and 1977) where noncomparable imports appear 
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as a row. 

The treatment of comparable imports changed between the 

earlier 10 studies (1963 and 1967) and the later ones (1972 

and 1977). In the present work we have adopted the conventions 

irŝ d~for'~t"h~e~r97'2—ŝ tudŷ andnmodl-f-ied--̂ the—1-963—and--l-96-7—tables 

to match these conventions. After showing the differences 

in the two treatments of imports, we describe the procedure 

used'to modify the transactions tables, the final demand 

tables and the capital flow tables for 1963 and 1967. 

In the 1972 and 1977 10 tables, the total output of each 

industry measures domestic production and excludes imports. 

Consistent with this approach, imports are shown as negative 

entries in a final demand column. Since their valuation 

must be comparable with the producers." prices used for the 

domestic production of the same commodity, comparable 

imports are measured at domestic port value, which includes 

the external, usually transoceanic, margin required to bring 

the commodity to the U.S. border and duty owed on this import. 

When the transoceanic transportation is provided by a U.S. 

carrier, the margin is also shown as a positive entry in the 

cell of the import column related to the transportation 

industry.. By convention, duties are also shown as a positive 

entry in the cell of the import column corresponding to the 

trade sector (see Table 3.2). ^ 

For the 1963 and 1967 studies the BEA used a ."transfer" 

treatment of comparable imports for industrial use. Like 

secondary products, imports were transferred to the industry 
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whose output was comparable. Therefore, there is an additional 

row for imports, besides the one for non-comparable imports, 

called "transferred imports." The total output shown for an 

industry equals its domestic output plus the amount of imports 

of a comparable, commodity. 

Table 3.2. Cost Structure.of Imports 

Foreign port value 

Water transportation^ 
Air transportaion 
Duty 
Insurance 

Rail transportation 

Retail sales tax 

n; 

^ 

External or 
transoceanic 
margins 

Domestic'^ 
port 1 
value 1 

Internal 
margins 

Source: [U.S. Department of Commerce, 1980, p. 22] 

Purchasers' 
value 

Transferred imports are shown at the foreign port value and 

external margins associated with their shipment are included 

in the Trade, Transportation and Insurance rows. 

Replicating the 1972 treatment of comparable imports- for 

industrial use in the 1963 and 1967 tables requires three steps; 

The domestic port value of transferred imports is 
determined by adding the external margins related, 
to these shipments to the foreign port value of 
the imports shown in. the table. 

These values are included as negative entries in a 
new import column '̂  the final demand part of the 
table. 
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In order to avoid double counting of the external 
margins, the total of each type of external margin 
is algebraically.added to the cells of the new 
import column corresponding to the "margin industries." 

The new representation no longer includes a rc5w for transfer-

red imports. 

All imports consumed by final users are allocated 
V ) , . 

n 

directly to final demand in the row containing "directly 

allocated imports" (both comp'arablfe and noncomparable) in 

the final demand tables and the capital flow tables for 1963 

and 1967.. These purchases are balanced by a negative entry 

in the cell of this row corresponding to the column of net 

exports. In 1972, comparable imports are combined with 

domestic goods in each final demand column and balanced by a 

negative entry in the imports column, of final demand. To 

make 1963 and-1967 CFT's comparable with 1972, aggregate 

comparable imports for final users have to be allocated 

among the producing sectors. 

Fortunately, the publications of the BEA related to the 

CFT's for 1963 and 1967 [U.S. Department of Commerce, 1971, 

1975a] provide information on imports of capital goods. We 

assumed that all imports for 1963, and 1967 were imports of 

•comparable capital goods and. distributed all imported commod­

ities like their domestic equivalents,' as the BEA did for 

1972. The t*otal imports of each capital good was added as a 

•negative entry to the corresponding cell of the new imports 

column in the final demand tables for 1963 and 1967. 
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No attempt was made to reallocate the imports absorbed by 

personal consumption,^ which in any case accounted for only 

about 2% of personal consumption expeditures. No adjustments 

to the final demand tables other than those described above 

were require;,d for present purposes. - , 

3. Secondary Products -

Even individual establishments frequently produce two or 

more commodities: the main product is called primary and 

any others are considered secondary. For many purposes it , 

is desirable to represent secondary products as being produced 

by the industries to whiph they are primary; the resulting 

/ . I-

indu,stries • are defined in terras tof a single output, facilitating 

a technological interpretation for. the input coefficients. 

The BEA'changed its treatment of secondary products in the 

1972 study. 

The method used by the" BEA in its 1972 study makes an 

explicit distinction between industry and'commodity and 

involves the USE table which describes the' utilization of 

different commodities by the different industries, and the 

MAKE table which describes £he production of different commod­

ities by the different industries. By convention an industry . 

is given,the same name as its primary product. 

We combined the USE and MAKE tables in order to make an 

industry by industry representation, a choice influenced by 

/•-Full import vectors for the 1963 and 1967 10 tables are now 
being- developed in the course of. other Institute research. 
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availability of employment data on an industry, not commodity 

or process, basis. A row of the resulting matrix shows the 

utilization of the mix of commodities produced in the given 

year by the corresponding industry. 

To reorganize the 10 data in this'way, we used the . 

pattern of distribution of different commodities as shown in 

the USE table. The information in the MAKE table makes it 

possible to attribute a fraction of the total output of each 

commodity to the industries which actually produce it. This 

transformation assumes that, when a commodity is produced by 

several industries, it is as if all users buy it in the same 

proportions from the different producers. These proportions 

are equal to the' share of- the different industries in the ^ 

total production of that commodity. 

The algebra of the transformation of a commodity 6y 

industry to an industry by industry classification is the 

following: 
T = WU, 

• . • 

where T is t.he. industry by industry table, W is the coefficient 

matrix obtained after dividing each cell of the MAKE table by 

the corresponding column total, and U is the USE table. 'The 

same transformation must also be applied to the final demand 

columns and the CFT's. 

The method described above was used for 1972 and 1977, 

years for which USE and MAKE tables are available. For 1963 

and 1967 we reconstructed USE and MAKE "tables from published 

.data. 

82 



3.13 

In the studies for 1963 and 1967, the BEA used a "transfer" 

approach, in which a secondary product is sold by the producing 

industry to the industry for which it is the primary product. 

Since this sale is fictitious, the method overestimates 

intermediate inputs for the "buying" industry,, \' 

Data available (from the BEA on magnetic tape) for 

these two years show separately the direct allocation, i.e., 

the real transaction, and the transfer. A table containing 

only direct allocations is conceptually identical to a USE 

table. A table containing only transfers is comparable to a 

MAKE table with empty cells on the main diagonal. 

To complete the MAKE table we required, for the main 

diagonal,* the production of each industry's primary commodity. 

By definition this amount is ecjual to the total production 

of that commodity less the amount produced as secondary 

product by other industries. The total output of a commodity 

•is represented by the corresponding roŵ  total of the USE 

table. The amount produced as secondary product by other 
i 

industries is the column total of the transfer table. The 

cells on the main diagonal of the MAKE table were filled 

using this information, and then the procedure described 

earlier for (1972 and 1977) was applied to the 1963 and 1967 

lu tables. 

Scrap and used and secondhand goods are treated as 

secondary products. Since this category of goods is considered 

a single commodity, every user.of scrap appears to use a 

small amount of the i.-roduction of every industry producing 
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scrap and used and secondhand goods. 

The number of secondary products*Identified as such in 

the later studies is larger than in the earlier ones, and we 

have not attempted to resolve the discrepancy. In all other 

respects, the methodology descrijDed above allows us to prepare 

the input-output tables for 1963, 1967, 1972, and 1977 such 

that each treats secondary products in the same way. 

4. Eating and Drinking Places 

In this section we describe the methods used to resolve 

_t±ie inconsistencies created by the lack of an Eating and 

Drinking Places (E&D) sector in the 1963 and 1967 I-O tables. 

Prior to 1972 E&D (lEA #78, BEA *74) was included in Retail ;̂ 

Trade-as a margin sector. This meant that its input structure 

did not include the purchase of food, beverages and other 

materials but only the margin costs of' providing a service " 

(electricity, containers, etc.). Since.1972 it is treated 

as a separate, productive sector that transforms the product 

•it sells. . ^ • 

We have created an E&D row and column and-removed E&D 

activities from other sectors for 1963'and 1967, using the 

following information: - -

o structure of E5.D (column and row) in the BEA 
1972 table 

o gross output of E&D in 1963 and 1967 (provided 
• by BLS) 

« industrial compostion of Personal Consumption Expenditure 
by PCE category, in__producers' and purchasers' prices 
("bridge tables'" ) "tUrs.. Department of Commerce, 
1971a, 1974b]. 

84 



3.15 

The BEA publishes tables of purchases of meals and 

beverages for personal consumption, shown for 1967 in Table 

3.3. These purchases correspond exactly to personal consumption 

of E&D, which accounts for.over three-fourths of E&D output . 

and provides the basis for our E&D column. 

Table 3.3 Purchases of M6als and Beverages Out of Personal 
Consumption Expenditures in 1967 

(millions of 1967 dollars) 

Producing Sector, 
(BEA Codes) 

1 
1 1 Livestock and 1 Livestock Products 
-?--|-Ot--h^e-E^Ag-r;-i-c u l t- n r a 1 

1 Products 
3 1 Forestry and 

1 Fishery Products • 
14|Food and Kindred 

1 Products 
271 Chemicals and Selected 

1 Chemical Products 
69|Wholesale Trade 
801Noncomparable Imports 

1 • Total 

Source: [U.S. Department 

Producer's 
Prices 

$ 126 

361 

271 

'8,379 

.8 
541 

6 
9,692 

of Commerce 

Transpor­
tation 

• 

$ 9 

52 

53 

186 

0 
0 

- 1 
302 

i, 1974b]. 

Trade 
Margin 

? 204 

628 

392 

13,230 

7 
0 
12 

14,473' 

Purchaser's 
Prices 

? 339 

1,042 
. 

716 

21,795 

15 . 
541 
19 

24,467 

-

While Wholesale Trade and Retail Trade are combined in 

Table 3.3, they need to be distinguished for the E&D column 

since the first is a.cost (i.e., an input) and the second is 

now a part of the product. 

Th'e 1967 lU study provides the trade margins for the 

aggregate deliveries of the sectors identified in Table 3.3: 

these margins are shown in Table 3.4. In constructing the 

E&D column we assume that Wholesale Trade is the same proportion 

of direct allocation as it is for the total sales of the 

corresponding sector. 
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Table 3.4 Distribution of Retail and Wholesale Trade toong Sectors Supplying 
Purchased Meals and Beverages to Personal Consumption in 1967 

(millions of 1967 dollars) 

Producing Sector 
(BEA Code) 

1 
2 
3 
14 
27 

Livestock and Livestock Products 
Other Agricultural Products 
Factory and Fishery Products 
Food and Kindred Products 
Chemicals and Selected 
Chemical Products 

Direct 
Allocation 

18,112 
37,562 
4,486 

609,746 

5,046 

tetail 
Trade 

4,264 
24,927 
4,002 

252,071 

2,135 

Source: [U.S. Department of Coitmerce, tape, 1974a]. 

Wholesale 
Trade 

1,581 
6,136 
960 

79,858 

321 

Wholesale 
Trade/Direct 
Allocation 

.087 

.163 . 

.214 

.131 

.064 

Finally, total E&D output is available for 1963 and 1967. 

[U.S. Department of Labor, 1982a]. For 1967 it was $34,312 ' 

million or §75,138 million in 1979 dollars (the value unit 

for the lEA database). 

The E&D.column can now be constructed. First, the total 

value of E&D output at purchaser's price is distributed 

between the value of the product and transportation and trade 

margins according to the porportions given in the last row 

of Table 3.3; thA.s is shown explicitly in the „last row of 

Table 3.5. Then the product is distributed among the seven 

producing sectors in the- same proportions as .in the first 

column of Table 3.3: this is shown in the first column of 

Table 3.5. The wholesale component of the trade margin is 

estimated by applying the ratios in the last column of Table 

3.4 to the direct allocation in the first column of Table' 

3.5. This produces an estimate of the retail trade margin 

as the difference between the total trade margin and the total 

wholesale margin. The retail trade portion is then multiplied 
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by the input coefficient vector of the retail trade sector, 

and these flows are treated as additional inputs to E&D. 

The prices are now inflated to 1979 prices and easily assembled 

into a column of input coefficients. 

Table 3.5 Input Structure of Eating and Drinking Places 
(millions of 1967 dollars) 

Producing 
Sector 
(BEA Codes) 

3 

14 

27 

69 
80 

Livestock and 
Livestock Products 
Other Agricultural— 
Products 
Forestry and Fishery 

Products 
Food and 4<indred 
"products 
Chemicals and 
Selected Chemical 
Products 

Wholesale Tirade 
l^ncomparable Imports 

Total 

Producer's 
Prices. 

177 

506 

380 

11,750 

11 
759 
8 

13,592 

Transpor­
tation 
Margin 

423 

Retail 
Trade 
Margin 

Whole­
sale 
Trade 
Margin 

15 

83 

81 

1,539 

Purchaser's 
Prices 

(18,578)(1,719) 34,312 
\ 

20,297 

The 1963 and 1967 E&D coefficient columns constructed in 

this way were roughly comparable with the one' for 1972,. 

except for Crude Petroleufti and Natural Gas, lEA #8. This 

sector provided virtually no input into E&D in 1972 while 

our construction resulted in a substantial ' flow for 1963 . 

and 1967 which we set to zero in the absence of a substantive 

explanation for a large input in the earlier years. 
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The E&D sector is known to sell about three-fourths of 

its output to personal consumption. In the absence of additional 

information, the'/E&D rows were constructed by allocating the 

remaining 25% of its output according to the 1972 distribution. 

The input structures of other sectors-were adjusted to 

be consistent with this treatment of E&D. No longer do they 

purchase food from th&̂ -jfood stuff-producing sectors and a 

margin from Retail Trade; this now comes as a package from 

E&D. Reductions in- the affected inputs were made for all . 

purchasing sectors using the same information needed to 

coii&tL'uct bhe E&D 'columfi-i '• • '• 

5. Deflation 

In order to represent all values in base year 1979 prices, 
0 • 

the deflators prepared by the Office of Economic Growth of 

the BLS were selected for the following reasons: 

They are deflators of gross sectoral output 
(rather than value added deflators used in the 
National Accounts).-

They^are industry deflator^ and.take into account 
the product mixi of the individual sector and its 
change over time. . 

The classification follows closely the BEA 10 
classification and is available at a high level of 
disaggregation (155 sectors). 

To take full advantage of the detSil of the BLS deflators, 

the final.demand, transactions, and capital flow tables were 

deflated at this level and then aggregated to the lEA 85-sector 

classification: this step involved the reconciliation of 

classification schemes. 1979 was chosen as the base year 

because it was the latest year for which full price data 
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were available when this work was done, 

While the BLS series shows almost no price change in 

Electronic Computing and Related Equipment (LEA #50) over the 

period 1963-1977, the business and technical literature suggests 

that the price has in fact.been declining at least 10% a year 

on the average. A similar observation holds for Semiconductors 

and Related Devices (lEA #58). The BLS deflators were replaced 

by a 10% a year decline in price for both sectors. While 

other official deflators may also overestimate price increases 

because of a conservative assessment of changes in the nature 

-or—q̂ tta-1-tfe-y—o-t̂ —the—ou-fepu-t-,—t-hesp !=irpi the most.. impjDJ:JLarLt__c_ases 

*̂ 

for the purposes of this study. 

A separate issue, arises in the case of .the so-called 

service sectors, where the official total output deflators are 

in many cases based (inappropriately) on the changing cost of 

labor inputs. For this study, we have defined "phys,ical" 
a 

measures of output for private and public educaton, lEA #83 • 

and #89, whose output we represent in millions of student-years, 

and for Instructional Television (ITV) and Computer-Based 

Ins'truction (CBI), lEA #87 and #88, whose output is measured in 

terms of hours of electronic courseware. , . 

C. Coefficient Matrices, 1963-1977 

1. Interindustry Transactions (A Matrix) 

After the data had been standardized, deflated, and 

aggregated to the lEA 85-sector classification as described 

above, the parts of the 10. tables for 1963, 1967, 1972, and 

1977 containing the interindustry flows were organized into an 
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A .matrix of technical" coefficients for each of these benchmark 

year's. Each technical coefficient is obtain'̂ fed by dividing an 

entry of the flow table by the corresponding row total. Thus 

the element in the i*-̂  row and j*̂ *̂  column of an A matrix is 

computed as the total amount of output of sector i consumed by 

sector j, divided by the total output of sector- j in the corres­

ponding time period (measured in 1979 prices or in physical 

units). For years between benchmark years, each coefficient 

was linearly interpolated. 

2. Replacement of Fixed Non-Residential Capital (R Matrix) 

In the dynamic lEA model replacement of.existing capital 

and investment for expansion are.treated separately. While a 

sector's' planned increases in the productive capacity provided 

by its stock of physical capital are determined by comparing 
S '̂  

project«ed f ..ture capacity requirements with capacity already in 

place, investment- to replace fixed assets is assumed to depend 

upon the current level of sectoral activity.^ In either case the 

composition of investment will be dictated essentially by 

technical requirements. This section describes the methodology 

for allocating past gross investment between replacement and 

expansion and for computing the coefficients of the .replacement 

matrix, R. The i*̂*̂  element of the j.*̂'̂  row of R specifies the 

amount of output of sector i purchased by sector j to maintain 

^Investment also takes place for technological modernization 
in the absence of growth: capital may replace noncapital in­
puts or obsolescent capital. This issue arises, for example, 
in the case of robots•(Chapter 4). 
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its productive capacity during a particular time period. . 

In the absence of. systematic, direct observation of the 

fixed capital in each industry, official government, series on 

capital stocks use a "perpetual inventory" approach to record 

the accumulation of new capital and the discard of existing assets 

using an initial observation of stocks, subsequent data on 

gross investment, and assumptions about the lifetimes of different 

capital goods. Within this framework, replacement investment 

is that which compensates for the retirement of fixed assets.' 

b'or those sectors whose capital stock is contracting, scrapping 

—o f—f-i-x ed—a s s e ts- e x ce e d s—re p-l-a c eme n t,—a n d—we_h av-e—at-t emp t ed—to •-

represent the amount of replacement that actually takes place. 

The BLS publishes annual data on capital stock, -investtnent, 

and retirement of equipment and structures by industry, computed 

in a, perpetual inventory framework, for the years from 1947 to. 

•> 1974 [U.S. Department of Labor, 1979]. 3 These data do not 

specify the physical .composition of the stocks or flows. We 

have relied for this, information on the BEA capital flow tables 

for 1963, 1967, and 1972, which describe the deliveries in a 

given year of over 600 capital ^oods-to each sebtor of the 

economy in the 2-digit BEA classification, i.e., 77 capital-using 

sectors. These tables were standardized, deflated, and aggregated 

as described earlier. Column totals measure each industry's 

gross investment., and column proportions show the corresponding 

^The Bureau of Industrial Economies iti the U.S. Department 
of Commerce recently made available a new set of data on capital' 
stocks by industry which has not been incorporated in the 
'present study. • 
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composition. Sectoral gross investment as reported by the 

BLS and BEA do .not always rely on the sa'me sources and are not 

identical. We adopted the BEA series to maintain as much con­

sistency as possible with the rest of the input-output studies. 

The replacement flow matrices are computed in the follow-

ing way. The BLS ratio of discards to gross investment is 

multiplied by the BEA estimate of gross investment/ resulting 

in the level of replacement investment of the given sector 

in a particular year. The composition of this replacement 

investment is,assumed to be the same as. that of the correspond­

ing sector' s gross^ilTvestment as reported in the CFTT. Each 

sector's replacement of equipment and of structures (the 

latter assumed to be produced exclusively by the construction 

sector) is computed separately and takes into account the 

relatively slower rate of replacement of structures. Finally,/ 

the technical coefficients of the R matrix are computed by 

dividing these flows of replacement capital.by t̂ e total 

output of the using sector. This representation of replacement 

reflects the assumption that a sector will replace only the 

portion of its stock required for current production. 

Since the CFT's exist only for 1963, 1967, and.1972, R 

matrices can be directly computed only for these years. For 

the years in between, each coefficient was linearly interpolated, 

"fhe 1972 R. matrix was repeated for each year through 1977 with, 

a few exceptions which are described in the appropriate portions 

of Part III of this report. 

92 



3.23 ' 

3. .. Expansion of Fixed Nonresidential Capital t-B Matrix) 

The 2^^ column of the expansion matrix, B, measures the 

stock of each type of capital good required to increase the capa­

city of sector j by one unit. The stock of each kind 6f capital 

good is measured in the same unit as the output of the sector 

that produces it. In the present case this unit is a 1979 

dollar's worth. 

Especially in capital-intensive sectors, very detailed plans 

are on the drawing-boards of engineers years before a capital 

project is actually realized, and invesjiigators at the Battelle 

Memorial Institute have made use of this type of information 
0 

to produce expansion matrices like those required for our data 

base [Fisher and^Chilton, 1971]. While it proved impractical 

to use the Battelle matrices due to the impossibility of assuring 

consistency between the conventions used in constructing these 

tables and those employed in^assembling the rest of our database,, 

we' expect to return to this so-called ex ante method for construct­

ing the B matrix in future work. The present study relied on the 

accounting information in 'the government data series. 

.Wh'" !•: lata are available on annual sectoral output and net 

investment (the latter series resulting from the data work 

described in the preceding section of this chapter), it was 

not possible to deduce a technologicaljly meaningful relationship 

between the two without taking into account other factors, 

like sectoral rates" of capacity utiliza'tion. 

Instead of deducing stock requirement frt^the capital 

flow"'data, we chose instead to use the sectoral capital to output 
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ratio to govern the total amount of capital required for a unit 

expansion in capacity. It is true that capital to output ratios 

measure the average capital requirement, rather than incorporating 

the most advanced techniques that are. typically used by new facil­

ities and that are conceptually required by our representation. 

Until better data are available, we can observe that using the 

average in place of the "best technology" ratio does not introduce 

a systematic over- or under-statement of net investment, since 

.the average and therefore the best technology ratio does not 

appear to be monotonic but depends upon specific technological 

events (see, for example [Djjchin, 1983]). 

The B matrices for 1963, 1967, and 1972 were prepared, in 

the following way. Sectoral capital stock estimates for the 

benchmark' years, available in [U.S. Department of Labor, 1979] 

in 19''2 prices, were inflated to 1979 prices using the NIPA price 

index for non-residential fixed investment [U.S. Department 

of Commerce, 1982]. These measures of the total capital stock 

held by each sector were divided by corresponding sectoral'out­

puts, resulting in sectoral capital to .output ratios. Since the 

industrial classification of the capital stock series is.less 

detailed than the lEA classification, a, single capital to output 

ratio was in several instances used for more than one sector.^ 

(While the specification of the model call'k̂ f̂ull capacity output 

"̂ The industrial classification of the capital'̂ t̂ock 
series follows the two digit 10 classification with two 
exceptions: the four agricultural sectors .(BEA #1 - 4) are 
aggregated together, as are New and. Maintenance Construction 
(BEA #11 and 12). 

94 ':4 •! 
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.in the denominator of the capital to output ratios, we did 

not make this adjustment for the present study.) 

The vectors of capital to ouput ratios for a given year, 

j measuring total stocks required to produce a unit of output, 

are by definition the column totals of the corresponding B 

matrix. Expansion capital was assumed to have the same 

product composition as gross investment, so the column totals 

v/ere distributed over capital-producing sectors in. the same 

proportions as in the columns of the Capital B'low tables for 

the corresponding years. The coefficients of the.B matrices 

were computed in this way, and then interpolated between 

benchmark years and projected to 191ijk in the same way as 

that described in the last section for 'the R matrix. 

The B matrix is subsequently decomposed into B^, 6 = 1,2,3, 

according to the lag between the delivery of a capital item and 

its effective use in production.- This subject is discussed in 

Chapter 2. • ' 

D. Initial Conditions and Control Totals 

The lEA model' requires estimates' of sectoral capacity for 

the initial year and projections of future capacity (based on 

estimated sectoral expansion plans) for the next five years (as « » 

•discussed in Chapter 2). In addition, during the development 

of the model it was necessary to prepare "control totals" for 

sectoral outputs and investment to check the values produced 

by the model. This section describes the preparation of data 

for-initial conditions and controls. 
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1. Se.ctoral Rates of Capacity Utilization 

• When a sector's capital stock is being fully utilized, 

its productive capacity is equal to its output. Given its 

output and an estimated rate of capacity utilization, the 
• •• • / . ' = • ' • • 

capacity can be computed. , Sectoral capacities for 1963 were 

derived in.this fashion from utilization rates published by 

BEA [U.S. Department of Commerce, 1975b], using a classification 

scheme very close to ours.^ When the BEA sectors were more 

aggregated than the lEA classification,' we Used the same rate 

for each part of the larger sector. For those sectors not 

'explicitly reported (exclusively service sectors), we followed 

the source document in assuming 100%' capacity utilizatiofil. 

The ratios used in the model are given in Table 3.6. 
r 

2. Sectoral Outputs 
I 

Output vectors for benchmark years were ptbduced by 

standardizing, deflating, and aggregating the 10 transaction 

Elow tables (see Section B) and these vectors were linearly 

interpolated for the years in between!. These data, were used 

both to estimate capacity in 1964-196S and as controls to check 

the performance of the mode'l and signal-potential proolems. 

3. Fixed Nonresidential Investment 

Controls were also prepared for fixed nonresidential 

replacement and expansion investment. These numbers were 

• ^ 

^This source defines these rates as "actual utilization 
rates as a percent of preferred utilization rates." See also 
Chapter 2, footnote 4. . .• 
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computed from a recent BEA" publication .[U.S. Dept. of Commerce, 

1982] which provides annual gross fixed nonresidential inves.t-

ment through 1979 in cur/rent and constant. 1972 dollars, separate­

ly for equipment and structAires, as well as discards of fixed 

câ p'ital. , . ^ , 

Separate deflators for equipment and, structures were com­

puted using the data in- current dollars to convert the series 

to 1979 prices. ^ 

E. Employment Data 

The final requirement of the lEA model was for data on 

the use of labor by occupation per unit of each sector's 

output. The principal sources of information ar.e the occupa­

tion by industry matrices prepared by the ELS for 1960, 1970, 

and 1978 from [U.S. Department of Labor, 1973, 1981]. " 

The occupation by industry matrix for 19^0 is based on 

the 196U Census of Population and includes 186 occupations 

and 157 industries. The matrix for 1970 is based on-'the 1970 

Census, while that for 1978 is an update incorporating data 

from various ,surveys. These last two matrices^ include 425 

occupations and 260 industries. Neither the sectoral nor 

the occupational classification scheme is incompatible with 

that of the 1960 matrix. 

For this study we used a 53-occupation classification 

scheme, given in Tabl eTTT. At~trR"i~s~l-e v e-1—e-f—aq qr,e_q_a t i on^_ 

the BLS employment categories for 1960 and later years were 

comparable with only a few discrepancies that were resolved 

using further detail from the 1960 Census of Population. 
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Table 3.6. Capacity Utilization by Sector in 1963 

CapBcity^ 
Utilization Sector 

5-, 6 
7 
8 
9,10 
11 
12 • 
13 
14 
15, 
17, 

16 
18 

19,20 
21,22 
23,24 
25 
26-29 

30 

31 

32,33 
34,35 
36 
37 
38-41 
42-52 
53-6U. 
61 
62 
64, 65 
66 
67 
70 

71,72 
76 

86 

Metal Mining 
Coal Mining 
Crude Petroleum and Natural Gas 
Stone and Earth Minerals Mining 
Construction 
Ordnance and Accessories 
Food and Kindred Products • 
Tobacco Manufacturers 
Textiles ^ 
Apparel and Miscellaneous 

Fabricated "textiles 
Lumber and Wood Products 
Furniture and Fixtures 
Paper and Allied Products 
Printing and Publishing 
Chemicals, Plastics, Drugs and 

Paints 
Petroleum Refining and Allied 

Industries 
Rubber and Miscellaneous Plastics 

Products 
Leather Products 
Glass,."Stone and Clay Products 
Primary Iron and Steel Manuf-ac'turing 
Primary Nonferrous Metals Manufacturing 
Fabricated Metals 
Machinery, except Electrical 
Electrical Machinery 
Motor Vehicles and Equipment 
Aircraft and Parts 
Instruments 
Miscellaneous Manufacturing 
Transportation and Warehousing 
Electric, Gas, Water and Sanitary 

Services 
Trade 
Hotel, Personal and Repair Services, 

except Auto ° 
Robotics 
All Other Sectors 

. 8 1 

. 8 2 

. 9 1 

. 8 8 

. 8 9 

. 6 8 

. 9 0 

. 9 6 

. 8 4 

. 9 4 

. 9 0 

. 8 7 

. 8 5 

. 8 7 

. 7 9 

.93 

.78 

.93 

.92 

.80 

.80 

.83 
,72 
.82 
.85 
.68 
'.83 
.85 
.85 
.94 

.94 

.66 

1.00 

_g_De_flned as proportion of "preferred" rates of utilization as 
in the source. 

Source; " [U.S. Department of Commerce, 1975b]'. 
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To ensure compatibility with the lEA sectoral classifi­

cation, We attempted to-match sector definitions of the three 

BLS employment matrices to the lEA 85-sector classification 

at the level of the component SIC codes. When the BLS sector ' 

included several lEA sectors, the corresponding employment 

levels were decomposed according to sectoral outputs assuming 

the same occupational structure for each sub-sector. Once 

the classificational discrepancies were reconciled, the employ­

ment data took the form of three flow matrices of 53 occupations 

by 85 sectors for 1960,.ii.l970, and 1978. ̂  The row totals of 

these matrices show private sector employment by occupation, 

and "the column totals correspond to private sector employment 

by sector of the economy. - ,.• , 

The BEA has published aggregate employment: by 10 sector, 

using the definitions and conventions of their 10 studies'/for .. 

1967 and 1972 [U.S. Department of Commerce, 1978 and 1981b]. 

Di-screpancie's for some sectors between these data and the 

colum-fi totals of the BLS matrices were resolved by using the 

BEA totals 'which were augmented by estimates of the ftumber 

of self-employed by sector, from other sources. BLS matrices . 

were used to determine the occupational composition of employ­

ment for each sector. BEA sectoral employment is consistent 

with the NIPA employment series which, while more aggregated 

in their sectoral classification, were available for 1963 and 

' ^In fact, a fourth matrix was prepared based on BLS 
projections for 1990. It is used in this study only for , 
purposes of comparison with lEA projections (in.Table 1.1). 
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Table 3.7 lEA Occupatio^i Classification 
and Corresponding BLS Codes 

.lEA., 
Code 

Professionals 

" 
Description of Occupation 

= 

1 , -^Electrical Engineers 
2 

4 
-

5 
6 
7 
8 
9 
10 
11 
12 

13 
14 ' 
15 
16 ', 

Managers 
17 

Sales Workers 
18 

Industrial Engineers 
Mechanical Engineersl 
Other Engineers 

'• 

Natural Scientists , * 
Coitputer Progranmers « • 
Computer Systems Analysts 
Other Coitputer Specialists 
Personnel and Labor Relations .Wbrkers 
Physicians and Surgeons 
Registered Nurses 
Other Medical Professionals 

3 

Health Technologists, Technicians 
•Teachers 
Drafters 
Other Professional, Technical . 

*• 

Managers, Officials, Proprietors 

. 1 

Sales Wbrkers 

Clerical Workers 
19 •- .. 
20 
21 
22 
„23 
24 -

1 

Craftsmen 
25 
26 
27 
28 

29 
30 
31 
32 

1 '^Unpublished 

Stenographers, lypists. Secretaries 
Office Machine Operators 
Bank Tellers 
Telephone Operators 
Cashiers 
Other Clerical , -

" 
Carpenters 
Electricians 
Plumbers and Pipefitters, 
Other construction Craft Workers 

Foreman, nee 
Machinists 
Tool and Die Makers 
Otl^er Metal Working Craft Workers 

BLS classification scheme accompanying [U, 
1 of. Labor, 1981]. 

BLS 
• ̂  Code^ 

10n20200 
10020250 
10020300 ' ^ 
1002 (except 10020200, 

10020250, 10020300) 
1004, 1006 
10160050 
10160100 
10160150 
10240650 
10100300 
10100400 
1010 (except 10100300, 

10100400) 
1012000 
10200000 
10080150 • 
1014, 1018,°1022, 1024 

(exqept-10240650) 
1008(except 10080150) 
20000000 

30000000 . . 

0 ' " 

40020000 
40040000 
40060050 
40061,550 
40060200 L • 
4006(except 40060050, 

40061550, 40060200) 

50020050 
50020350 
50020800 
5002(except 50020050, 

50020350, 50020800) 
50040000 
50060300 
50060750 
5006(except 50060300, 

50060750) 
S. Ctepartment 

(continued on next page) 
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Table 3.7 (continued) 
\ 

lEA 
Code Description of Occupation 

Craftsmen (continued) 
33 
34 
35 

36 
37 . 
3,8 

. • 

Mechanics, Repairers 
Printing Trade Craft Workers 

» 

Transportation, Public Utilities Crafts, 
Other Craft Wbrkers , 

Bakers-
Crafiê , Derrick and Hoist Operators 
Other Craft Vilbrkers 

Operatives • 
39 
40 

• 41 

42 
43 
44 
45 
46 

c 

47 • 

Service 
48 
49 
50 

. 
51 

Assemblers 
Checkers, Examiners, Inspectors 
Packers anc^ Wrappers , 
Painters 

^ Welders and Flame Cutters 
Delivery and Route Wbrkers 
Truck Drivers 
Other Operatives 

Robot Technicians'^ 

Wbrkers 
Janitors and Sextons 
Protective Service ^*3rkers 
Food'Service Workers 

Other Service workers 

Laborers - . 
• 52 

Farmers 
53 

^In < 
>' are 

Laborers 

and Farm Workers . 
Farmers and Farm Workers 

t 

^ 

• BLS 
Code 1 

* 
50080000 
50100000 

50120000 
50140500 
50140200 
5014 (except 50140050, 

50140200) 

61080100 
61060050 
61060200 
61081050 
61020500 , 
62000200 
62000550 
6000 (except 61080100, 

61060050, 61060200 
61081050, 6102 
62000200, 62000550) 

70020150 
70100000 
70040050, 70040150, 

70040250, 70040300 
7000 (except 70120000 

70020150, 70100000, 
70040050, 70040150, 
70040250, 70040300) 

8000 

9000 

aggregate occupational classification schemes Robot Technicians; lEA #47, 
included as Craftsmen. • 

\ 
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1977 as.well as 1967 and 1972 [U.S. Department of Commerce, 1981a, 

1982]. The NIPA data for 1963 and 1972 were disaggregated' to 85 

sectors using proportions from the 1967 and 1972 BEA employment 

studies, respectively, when necessary. -

The^three matrices of occupational proportions (for 

196U, 1970, and 1978) were interpolated linearly to produce 
'y' ' •' , 

four matrices for the benchmark years (1963, 1967, 1972 and 

\ 1977). The four corresponding vectors of total employment by 

sector were divided, element by element, by total sectoral 

output (in i979'prices) in the given year, resulting in 

sectoral labor/output ratios. Finally these ratios were 

distributed among occupations according to the matrices of 

occupational proportions. The final outcome was a set of 

four matrices for the years 1963, 1967, 1972 and 197.7 of __̂  

labor/output ratios by occupation and by sector. 

t'. Coefficient Matrices, 1978-1980 

Each scenario for which data have been developed in Part 

IV of this report specifies.A, R, B, and L coefficient matrices 

for 1990 and for 2000. The most recent government ,10 data 

are for 1977, and these were in most cases repeated for 

'I97d, 1979 and 1980 with .exceptions for newly emerging sectors. 

The sectors producing electronic educational courseware (lEA 

#87 and 88) appear in 1980, and the robotics sector (lEA 
\ 

T86) begins production in 1977. Annual matrices are produced 

by interpolation for 1981-89 and 1991-99. 
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Chapter 4. The Automation of Production Operations 

A. Introduction • ' 

This chapter documents the procedures employed in estimating 

the changes in capital, intermediate input, and labor require-jj 

ments that describe the adoption of specific computer-based 

technologies. While production processes will undergo bther 

changes.as well, the widespread use of computers in the office 

and factory is expected to have major consequences for the .,, 

level, occupational composition'and skill content of future -
* • c. 

employment. The meignitude of these changes is suggested by 

General Motor's prediction that "by 1987, 90 percent of all 

new capita/i investments will be in computer-contrqlled machines" 

[Levitan and Johnson, 1982, p. 12] and by the fact that a 

Japanese designed plant is already in operation in the U.S. 

whose automated processes have reduced the number of worjcers 
\/ 

' / 
required to produce a given output of machine tools from 500 

to 100 . [Japan Economic Journal, 1983, p.-^t] 7 

The impacts of computers are~not limited to the production 

of ^oods. The application nf-computers to office work will 

vastly reduce the need for'human labor . in performing reffetitive 

tasks such as filing, bookkeeping and typing. These labor 

savings are of particular significance for the industries em-
/ • • • 

ploying white-collar labor most intensively, notâ bly banking, . 

insurance, legal services and government. According to pro­

jections made~by the International Data Corporation [1981a, 

pp. 4-5], the number of desktop and small business computers , 
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$1 

in use will increase from 823,000 in 1980 to 5.4 million in 

1985, and these figures understate the pace of computerization 

in:the office since they do not reflect advances in hardware 
' . " • • ' . 

and software capabilities. 

Jhe increased use of computer-based.automation is rep-

resentved in the database of the dynamip input-output model by 

changes in the input requirements (or technical coefficients) 
-r 

of the "̂ sectors which produc.e and use the new equipment. Each 

column of coefficients in the A matrix represents a given sec­

tor's "inputs on current account peif unit of output. The cor­

responding column' in'the B matrix represents the sector's cap- , 

ital requirements for a unit expansion of capacity, while a 

column of the R matrix represents capital replacement require-

ments per unit of output. Finally, a column of the L matrix 

represents a sector'is labor requirements by occujjation per 

unit of output. 

Our focus ir) this chapter is organized around two facets of 

the computerization of production processes. (Office automation 

is addressed in Chapter 5.) First, quantitative sectoral 

estimates are made of the increasing use of computers (for all 

purposes) and the associated requirements for Computer Programmers, 

Computer System Analysts, Other Computer Specialists, and 

Drafters; these estimates are described in Section B. Second, 

represent .the increasing use of two specific microproi|:essor-
we 

based machines, robots and computer numerically controlled 

(CNC) machine tools. The use of robots is projected to 

conserve paint, while the substitution of CNC for conventional 
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' ' • • O 

t o o l s - w i l l i nc rease the use-of metalworking roachin/ery aind 

reduce steel scrap. The use of robots requires a new occupa-
j ' • . • 

tion. Robot Technicians, and displaces workers i'n six production 

occupations, while th-e use of CNC toĉ ls reduces the labor / 

requirements of Machinists, Tool and Die Makers,-- and Other . 

Operatives (serai-skilled metalworking operatives). The' -

procedures used-tb represent these impactg of robots and. 
V 

CNC tools are described in sections C and D, respectively. . 

The projections made for this study reflect technologies 

that are .currently known. As Carter [1970-, p. 88] has noted, 

"most major changes in technology of production or product 
r 

design can be anticipated by industry specialists f ive- or m'orê  

years be.fore they are put into actuau use." We do not,project 

anticipated future breakthrough-s nor the commercial use of 

technologies which have not yet been effectively utilized, 

but we do assume the incremental improvement of currently 

available technologies. For example, our estimates take 

into account the substitution.of CNC for conventional machines, 

computer links between individual CNC machines " (Direct Numer­

ical Control, or DNC), and increasing use of machining centers 

(in which one CNC machine performs several machining operations) 

but not the future use of Flexible Manufacturing Systems (FMS), 

in which automat-ic material handling systems are linked to • 

computer-based machines (including, robots) to form an essen 

tially/Unmanned production process. 
1 . . • 

Differences among the technologies (computers, iTobotics, 

and CNC tools) and among the types of inputs (capital, intermediate 

\ 
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•input/ and labor) made it impractical to use a single general 

methodology for the projections.' In order to represent the use 

of computers,'the increase in each sector's capital coefficient 

(the computers required to increase capacity by one unit) was 

based on the increase in the average computer coefficient 

(computer stock per unit of output), for which data were de-

veloped for 1977, 1990 and 2000. Similarly, average capital 

coefficients for the use of robots were esMmatedfoir each 

robot using industry. Based on the literature about investment 

in robots, we assumed that the robot requirements per unit-

of new capacity (the capital coefficients) would reach a 

peak in 1985 at a value equal to that of the 1990 average 

robot requirements (the average capital coefficients) foj>-^\. '̂  • 

each sector. The 1977 Metalwprking Machinery capital-coeffi­

cients are projected- from the estimated share of CNC tools 

in the value of the machine tool stock required for now 

capacity in 1990 and 2000. 

The projections of the inter-industry and labor coeffi-

c'ients are based on the future use of these three kinds of 

equipmeht. Intermediate inputs are adjusted by identifying 

the portion of the material input (e.g., paint) that Will be 

affected, estimating the change in this affected portion, 

and adjusting the coefficients accordingly. Labor coefficients 

for the computer ̂ occupations were projected on the basis' of 

the labor required per computer and on projections of the -

computers used per unit of output. Labor coefficients for 

various.production occupations are adjusted on the/basis of 
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1) the stocks of robots held in each sector and the labor 

disj^lacement rate per robot, and 2) the CNC share of machine 

tools in us"e and the ratio.of CNC to conventional labor 

requirements per unit of output. < ' 

Technical coefficients for the A, L, B, and R matrices 
0 

were projected for alternative scenarios, corresponding to low 

(Scenario 32} and ~hj.gh (Scenario S3) r^tes of diffusion of \ 
\, 

the computer-based technologies. These, two scenarios are 

intended to specify a realistic range for future developments. 

B. Electronic Computing Equipment 

1. The Computer Sector 

•^. Information processing in the office, machine^control 

in the factory, and the integration of office and factory will 

become increasingly.dependent upon a hierarchy bf computers 

over the next two decades. According to a recent report 

[General Motors, 1982, p. 3], computer-based equipment-on 

the factory» floor will be "linked together in a plant's 

computer communic-ations network that will not only monitor 

how the equipment is functioning, but will schedule the 

plant for the.most efficient operation." 

These computers will range from the desktop variety, 

which costs less than $10,000, to large mainframe computers 

: that carry a price tag in the''?12 million ^ange. In the TEA 

industry classification, this equipment is produced by lEA 

450 and corresponds to the Standard Industrial Classification 

(SIC) code #3573. This sector does not include microj/rocessors-

which.provide the basic functions of a computer (input/output. 
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memory, and processing) on a single semiconductor chip. Also 

excluded from this sector _(IEA #50) are special purpo.se mi-cro-

processor-based machines, such as word processors (produced 

by Office Equipment, lEA #51) and CNC controls for machine 

tools (produced by Electric Industrial Equipment and Apparatus;, 

TEA #53). 

The following section describes the procedures used to 

estimate future changes in.the production of computers. 

~t 
Sectioq̂ 3̂ describes the projections of the capital coefficients 

governinlg the increased use of computers and corre.sponding 

hanges in labor coefficients to the year 2000, 

2. The Production of Computer's 

• • The production of computers .and semiconductors lias under­

gone dramatic changes since the 1960's. As the composition '' 

of computer output has shifted away from mainframes to smaller,' 

stanaardized computers, the industry has substituted mass p'"©-

duction for batch techniques, a trend that has led to a rapid 

decline in unit costs. In the case of semiconductors, the 

1970's saw labor-intensive operations move abroad and an in­

creasing mechanization of the remaining stages of production 

(wafer fabrication). According to one report, the average 

selling price of an integrated circuit fell from S4.20 in 1967 

to 63 cents in 1975 (1972 prices) [U.S. Department of Commerce, 

1979, p. 50]. 

The intermediate input and labor coefficient columns of 

the Computer (ISA #50) and Semiconductor (lEA #58) sectors 

used in this study reflect these structural changes. In the 
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aggregate, the 1972 intermediate input requirements per unit 

of output of the Computer sector were 48% of their 1967 

value (in 1979 prices). By 1977 these requirements in these 

sectors again fell by about 50%. The decline in labor require­

ments was even more dramatic, 56% and 68% respectively. The' 

magnitude of the declines in intermediate input and labor 

coefficients in the Semiconductor sector were similar. 

Although we focused our effort on the use of computers, 

we felt that it was necessary to provide provisional estimates 

of future reductions in intermediate input and labor requirements 

for sectors lEA #50 and lEA #58. Since the trends cited above 

can be expected to continue in.the future, these coefficients 

were reduced under all scenarios by 30% in 1990, and another 

30%. in 2000. , 

3. • The Use of Electronic Computing Equipment; 1977, 
1990 and 2000 Computer 

Capital Coefficients 

The procedures described in Chapter 3 produced a 

matrix of capital coefficients (B matrix) for each year of 

the 1963-72 period. Neither the statistical series underlying 

these matrices nor direct information on the investment in 

computers required by each sector to accommodate an expansion 

of capacity was available for years after 1972. Ijistead, we 

deriv'ed our estimates of the future increase in incremental 

computer capital coefficients from the incr.ease in the average 

coefficients, defined as the stock of computers held by each 

sector per unit of output. 
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The 1977 capital coefficients appearing in row #50 were 

derived by applying to the 1572 coefficients the rate of increase 

between 1972 and 1977 in the aveifage coefficients, or 

_77 
77 bso-j 72 

'̂ SOj = _72 ' l̂ SOj 
bsOj 

(1) 

where b designates an average capital coefficient. Average-

coefficients were then estimated for future years, and the incre­

mental capital coeffj cents for "1990 and 2000 were computed by 

the equation 

t 77 _t _77 
bsoj = bsoj +a(b50j-b>50j) (2) 

where the increase in the capital coefficients, represent'ing 

the newest technology,, is a'times as great as the increase 

in the average coefficients. These procedures are. described 

in detail below. 

The estimates of average computer coefficients for 1972, 

\ 
I'^ll, 1990 and 2000 were developed in four steps. First the 

aggregate stock of xzrofnputers in 1972 and 1977 was calculated. 

The gross stock of Office, Computing and Accounting Machinery 

for these years, published by the Bureau of Economic Analysis 

[U.S. Department of Commerce, 1982, p. 173], was adjusted to 

1) eliminate the office equipment share of this machinery 

(15%), 2) eliminate trade and transportation margins (10%) 

in order to value the stock in producer prices, and 3) deflate 

from 1972, to 1979 prices (a 10% annual decrease in price was 

assumed). These adjustments produced computer stocks of $10 

billion for 1972 and ?17.5 billion for 1977. 
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The second step was to distribute these stocks among 

using industries. As the basis for this distribution we used 

the proportion of total computer personnel employed in each 

sector, since professional computer Specialists have until 

recently been required to operate computers. According to', 

the International Data Corporation [1981a], only 0.6% of the 

value of computers in use in 1977 were desktops, the category 

of computers not generally requirihg specialized skills for 

operation. 

In the third step we projected the aggregate.stock of 

computers that would be required to produce a 1977 level of total 

gross output in 1990 and 2000. The growth in the aggregate 

computer stock coefficient was calculated from ,the real growth 

in the gross stock of computers [U.S. Department of Commerce, 

1982] and in total gross private sector output [U.S. Department 

of labor, 198 2] between 1972 and 1979. Between 1972 and 

1977, the average annual, rate of increase was 8.̂ 6%. This 

average rate rose to 8.9% between 1976 and 1979-eand 11.3% for 

1978-79. We assumed an average annual rate of 10% between 1977 

and 1990 for Scenario S2 and 15% for Scenario S3. 

As the stock grows and computers are used in the bulk of 

-the—operations that can be_compute£i^ed, the rate of increase 

in the computer coefficient can be expectd to decline. For 

both scenarios, we assumed that the average annual rate of 

growth between 1990 and 2000 will be half that of the 1977-90 

period (5% and 7.5%, respectively). 
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In the fourth step, the increases „in the aggregate stock 

of computers between 1977 and 1990 and between 1990 and 2000 

were distributed among industries on the basis of their pro­

jected information processing.and machine control requirements. 

As the operation of computers becomes more accessible to 

s 

managers,- secretaries, engineers and production-workers, re­

quirements for specialized computer personnel will diminish, , 

and there may be significant changes in the relative use of 

computers by sector. We used two methods to distribute the 

1990 and 2000 computer stocks among usind industries. ''Most of 

the increase (90%) after 1977 was assuijijed \to be for information 

processing tasks and was allocated among industries based on 

their relative' information processing requirements, as measured 
by' their share of total white-collar .workers \in 1977. The 

I ] •• ' . . 

remainder of the increase (10%) was assumed to be associated 

/wi/th machine control requirements in goods producing industries 

{n6 was distributed' among industries on the basis of the 

''relative number of machine tools that were held in 1977. 

The projections required partitioning the increase 

in capital stocks between the base year (1977) and 1990 and 

2000 into the portion used for information processing (IPT 

and the portion required for machine control (MC) in goods 

pr̂ 'in̂ '-î '-' P̂ '̂"''' portion was then separately distributed 

among sectors. The future .average computer capital coefficient 

(b •^) was defined as the sum of three components, 

_t -77 _t(IP) _t-(MC)-
bsoj = l̂ SOj + bsoj + bsoj (3) 
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The average capital coefficients, estimated in this fashion 

for 1990 and 2000, were used in Equation (2) to compute the 

capital coefficients. 

In''order to fix a value fui. a (the ratio'- of incremental 

to .average computer requirements) we compared thejsomputer 

requirements for a given output vector based on the capital 

coefficients developed with the procedures described in 

Chapter 3 with the requirements based on the average coeffi-
•J 

cients just described. The former were naturally systematically 

larger than the latter; their ratio for the economy as a 

whole, 2.25, was assigned to a. 

The results of Equations (1) and (2) can be briefly 

summarized. In 1977, the industries with the largest computer 

requirements per unit of output were those producing Electrical 

and Electronic Equipment (lEA #51-60), Instruments (lEA #64, 

65), Ordnance and Aircraft (lEA #12, ^2), Financial Services 

(Banking and Insurance, IEA' #73, 74), and Educational Services 

(lEA #83, 89). Industries with relatively low requirements 

for. computers per unit of output in 1977 included Agriculture 

(IEA #1,. 2), Mining (IEA #7, 10) and several- Service (IEA #75, 

79) industries, as well as Construction (IEA #11), Food (IEA 

#13) and Lumber (IEA #19): the common-characteristic of 

these latter sectors is the predominance of small establish­

ments. Most of the computer equipment in 1977 consisted of 

mainframes which were expensive and designed .for large tasks, 

and these industries consequently used relatively little of 

this equipment. 
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The industries with the largest increases in computer 

coefficients subsequent to 1977 are those with large infor­

mation processing requirements' whose operations are conducted 

in small establishments: Retail Trade (lEA #72), Real Estate 

(lEA #75), Hotels (lEA #76), Amusements {lEA #80) and Educational 

Services (lEA #83, 89). The major part of the computer equip­

ment that will be used by these industries will be -desktop 

computers and electronic cash registers.^ — 

Table 4.1 shows fifteen industries that were projected 

to have large computer capital coefficients in 1990 and 

2000. Using the Aircraft industry (lEA #62) as an example, 

545,000 in computers was required to increase capacity by $1 

million in 1977;. by 2000 this requirement will reach $191,000 

under Scenario S3. The nine manufacturing industries shown 

in this table are among--the, earliest candidates for computer-

based flexible manufactur.inĝ ..system_ŝ , e-.g.-,. Screw Machine 

Products (lEA #40), Metalworking Machinery (lEA #46),"̂ and 

Aircraft (lEA #62). The seven service sectors have signif­

icant information processing requirements.and include Retail 

Trade (lEA #72) Finance (lEA #73), Insurance (lEA #74). and 

Business Services (lEA #77). 

Labo'̂  Coefficients 

Many' occupations have already been directly affected by 

the increasing use of computers in the production of goods 

and services. In this section we describe the method used to 

estimate future changes in the labor coefficients for three 

occupations (Programmers, LAB #6, Systems Analysts, LAB #7 

11^ 
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Table 4.1. Capital Coefficients for Ccnputers in the Sectors 
with the Largest Coefficients in 1990 and 2000 

(dollars per dollar increase in capacity, 1979 prices/) 
/ 

Code Sector 

40 Screw Machine Products and Stanpings 
46 . Metalworking Machinery and Equipment 
47 Special Industry Machinery and Equipment 
49 Miscellaneous Machinery, except Electrical 
55 Electric Industrial Equipment and i^paratus 
57 Electron Tubes 
62 Aircraft and Parts 
64 Scientific and Controlling Instruments 
68 Connunications, except'Radio and TV 
.72 Retail Trade '' , 
73 Finance' 
74 • Insurance 
77 Business Services-
82 Health Services, excluding Hospitals 
'84 Nonprofit Organizations 

,1977 

.006-

.011 

.009 

.012 

.005 

.029 

.045 

.013 

.018 

.006 
,081 
.084 
.037 
.008 
.010 

Scenario S2 
1990' 

.045 

.077 

.055 

.103 

.045 

.076 

.075 

.050 

.064 

.070. 
• .162 
.141 
.088 
.048 
.104 

2000 

.079 . 

.136/ 

.096/ 

.184 

.080 

.118 

.lp3 

.Q84 

.105 

.127 

.234 

.191 

.132 
/.084 
.' . 189 

Scenario S3 
, 1990 

.088 

.150, 

.105" 

.203 

.088 

.128 

.109 

.092 

.115 

.141 

.250 

.203 

.143 

.092 

.210 

2000 

".192 
.326 
.227 
.446 
.193, 
.252 
.191 
.192 
.239 
.311 
.464 
.354 
.277 
.198 
.463 

and Other Computer Specialists, LAB #8) 'which depend wholly 

upon the use of computers, aod one occupation (Drafters, 

LAB #15) which is being eliminated by computers. • 

The labor coefficients for the three computer occupations 

in computer using sectors-^ were projected to 1990 and.2000 

on the basis of 1) estimates of the number of computer workers 

required per unit of computer stock, and 2) the projected 

1990 and 2000 computer requirments per unit of output. As 

stated in a recent ELS study, "Employment of computer workers 

. . reflects an industry's capital expenditures for technology 

as^employers install computers to increase efficiency and 

^The coefficients for the computer occupations in the 
Computer sectar (-IEA #50)_were reduced by the procedure described 
earlier in partN2 of this section. / 
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productivity, whether or not their output is expanding" 

[U.S. Department of Labor, 1981, p. 7]. 

Given the number of workers required per unit of computer 

stock (eqj/k5Qj ) , the new labor coefficient dgj,) will vary ' 

with the amount of computers thjat. arie' used per unit of sector j,'s 

output (b5o,j): d 

Iqj = eqj/Xj = (egjAsoj ) (bsoj ) (4) 

The computer personnel requirements, per unit of computer 

stock were computed for each sector for 1977. Recent develop- . 

ments in both software and hardware suggest that in the future 

these labor to/computer stock ratios will fall. According 

to a recent BLS study [U.S. Department of Labor 1981, p. 20], 

One trend in software technology has been the incorporation 
of systems programming functions into computer hardware. 
If the trend continues over the next decade, it may 
curb the demand for some systems programmers. . . . 
Packaged programs are another software option available 
-to computer users. These programs, which are being 
developed for an ever increasing number of applications, 
simplify programming operations, reduce programmer 
skill requirments, and may require fewer programmers at 
a computer site. . . . These packaged programs also 
will permit programming to^be done by noncomputer personnel 
in many cases. 

Table 4'.2 shows aggregate ratios of computer workers to computer 

stock for three computer occupations for the census years 1972 

and 1977, and these ratios show substantial declines for all 

three computer occupations. 

/I We assume that these ratios continue to fall until 

1990. Such a trend is supported by a recent study by the 

International Data Corporation which found that among 350 comiputer 

users over the 1981-83 period, the staff-related share of the 
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budget has.steadily fallen while the computer room equipment 

portion haŝ  risen [Zientara, 1983, p.l]. Under Scenario 

S2, advances in software and reductions in'maintenance require­

ments were assumed to reduce employment per computer to 67% 

of the 1977 ratio for each sector and each computer occupation 

by 1990. Under Scenario S3, these advances were assumed to 

be more rapid, and the ratios were reduced to 33% of the 

r977- figures. The ratios remain unchanged between 1990 and 

2000 under both scenarios. 

Table 4.2. Aggregate Labor-to-Computer Stock Ratios for 
Three Computer Occupations 

(workers per million dollars, 1979 prices) 

Occupation 

Programmers {LAB #6) 

Systems Analysts (LAB #7) 

Other Computer Personnel (LAB #8) 

1972 

15.0 

11.6 

2.5 

1977 

11.0 

' 9.0 

2.1 

The labor coefficients for 1990 and 2000 were calculated 
/ 

by multiplying these ratios by the average computer capital 

coefficients ("bso j ). The industries with the larg-est 

1990 and 2000 labor coefficients for Computer Programmers 

are presented in Table 4.3, The coefficients ̂ increase over 

time since increasing average computer requirements per unit 

of output more than offset falling labor recjuirements" per 

unit of computer stock. 

In contrast to the future prospects'-of these three computer 
/ 

:OCCupations, Drafters (LAB #15) are among those occupations 
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Table 4.3. Labor Coefficients for Computer Programmers in the 
Sectors with the Largest Future Coefficients in 1990 and 2000 
(workers per million dollars of output, 1979 prices)^ 

Code Sector 
46 Metalworking Machinery and Equipment 
49 Miscellaneous Machinery, except Electrical 
51 Office Equipment, Except lEA #50 
57 Electron Tubes 
72 Retail Trade 
73 = Finance 
74 Insurance 
77 Business Services / 
81 Hospitals 
83 Educational Services 
84 Nonprofit Organizations 
85 Government Enterprises 
89 Public Education 

1977 
.060 
.055 
.235 
.166 
.027 
.151 
.174 
.435 
.044 
.243 
.061 
.021 
.243 

Scenario S2 
1990 
.241 
.290 
.296 
.247 
.190 
.333 
.286 
.905 
.199 

1.430 
.283 
.239 

1.430 

2000 
.417 
.523 
'.415 
.351 
.342 
.536 
.436 

1.470/ 
.33/ 
2.280 
.503 
/436 
2.280 

' / • . 
Scenario S3 
1990 / 
.230/ 
,2SjS 

.2p. 

.188 
A 89 

/.293 
' .236 
.804 
.185 

1.240 
.278 
.242 

1.240 

2000 
,492 
.639 
.400 
.344-
.417 
.597* 
.462 

1.650 
.393 

2.510 
.609 
.538 

2.510 

which will be adversely affected by the increasing use of com­

puters. In 1978 there were 296,000 Drafters,/90% of whom worked => 

in private industry preparing "detailed drawings based on rough 

sketches,I specifications and calculations made by scientists, 

('' engineers, architects, and ̂ designers. Tbey also calculate 

the strength, quality, and cost of>̂  materials" [U.S. Department 

of Labor;, 1980, p. 315].' There is ampl/e evidence in the 

business and technical literature that' computer-aided design 

(CAD) greatly facilitates the performance of these tasks 

Accordihg to Allan, [1982, p. 95], "with CAD a designer can 
• | • . • ' • / ' • ' ' • 

now define a part's shape, analyze stresses applied to it and 

e^ign. automatically produce engineering draw.ings for that de^i 

all frcbm a computer-based graphics/terminal." Once drawings, 

are auitomatically produced, they can be stored easily, retrieved 

for ,m6dification. 
K ^ 

<i-
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CAD will affect Drafters in two ways. First, the time 

consuming menial tasks will be performed by the. 'omputer, 

eliminating all but the most skilled "senior drafters" who are 

^qualified to translate preliminary drawings by engineers and 

architects into design layouts for the computer. For example, 

"Normally an architect and one or more draftsmen would spend 

3 day,s modifying the design, changing the specifications 

and redrawing the building. This time an architect'made, the 

changes on a video screen in a" matter of hours and new drawings 

were in the mail, the same day" [Miller, 1982, p. CI] . -

• The second effect of CAD on drafters is the improvement 

in t^e productivity of the relatively skilled drafters who are 

not replaced. According to a Society of Manufacturing Engineers 

report [Kidd and Burnett, 1981, p. l],="It has been proven 

conclusively many times that CAD can improve the productivity 

of the designer/draftsman by factors of between 2:1 and 5:1 

depending upon the applications." 

The equation used to estimate the 1990 and 2000 labor 

coefficients for Drafters incorporates these two effects: 

77 77 
Iqj =a(l-6)(l-Y)lqj + (l-a)lqj. (5) 

^ . r 

where lai is the ̂ labor requirement for Drafters per unit of 
•qj 

77 
output of sector'^ at time t; Iqj is the labor coeffi^cient 

for-the base year (1977); a is the share of Drafters affected 

by CAD; 3 is the share of affected Drafters who are replaced by 
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;CAD; and y measrures the increase ip-drafter productivity attribu-

table to CAD. This first term of fhe equation is added to the 
' . . • • / • • - ! ^ 

rema,ining (unaf fe'.oted) portion-to/produce^the new coefficient. 
• • • - • ' • • / ^ 

Already by 19""a5, coraputer-baild graphics terminals are 

expected to numbe 
/ ' r at least 7 5,OC 
000 [Allan, 1982, "p. 96]*. Accord­

ing to' Dan.?Luria of the United Auto Workers, by 1990 there will 

• / •• " ' ' i • 

be no Drafters employed in/the Auto industry. We assumed ^ 

that under Scenario S2 50% of all Drafters wilX be'affected 

<ĵ y CAD by 1990, while 9i)% are affec'ted under Scenario S3.. 

In the year 2000, the/share of Drafters'affected•rises^to 
/ *• ff . •-•' ' 

90%. and 100%, respeiitively. By 1990, 20% of .the affected ' 

Drafters are ass\um'ed to be replaced unSer Scenario S2 and 

80% under S3. Pn 2000; these figures are .50%;and 100%^, „ 

respectively. /Finally,, we assumed that. CAD. improves the 

productivity/of Drafters by. a factor of three. Since one" 

Drafter, usi-rig CAD can replace the work of three Drafters 

7 
using con//entional methods, labor requirements decline to 33%^ 

,, of their previous level,- a reduction (y) of 67%, These 

assumptions are summarized in Table 4.4. 

? 
r ir 

I As the last row of the table indicates, under Scenario 

S2, jthe Drafter labor coefficient declines to 63% of the base 

yeyar coefficient in 1990, and falls to 25% of the base year , 

ct)efficient in 2000. With a larger share of Drafters affected . 

/ ' ^ • ' 

/and replaced under Scenarios S3, the,coefficient is only 16% 
/ • ' . . . . . ^ . . / • • 

/ of the base year coefficient in 19.90.. .Under this scenario. 
/ 

Drafters cease to .exist as -an occupation by the year 2000. 

122 



4.19 

Table 4.'4'. Impact of Computer-Aided Design on. Labor 
Coefficients for Drafters in 1990 and 2000 

Proportion of Drafters (LAB #15) 
Affected by QAD (a)^ 

Proportion of Affected Drafters 
ReE>iaced by CAD (3)^ 

Reduction in Drafter Require­
ments Attributable to CAD (Y)^ 

A 
Laqpr Coefficients for Drafters as 
Proportion of 1"977 Coefficient 

Scenario S2 
1990 

.50 . 

.20 

.67 

.63 

2000 

.90 

.50 

.67 

.25 

Scenario S3 
1990 

.90 

.80 

.67 

.16 

2000 

1.00 

1.00" 

-.67 

.00 

3 These parameters are .used in Equation (5). \ • 
- ' •9 

C " Robotics 

1. Overview of the Technology . '• •• 

Within the universe of production machinery, industrial 

robots are unique in their programmability, flexibility of 

movement, and range of'functions that allow them to perform 

tasks that could previously be performed only by human labor. 

This is implicit in the Rt̂ bot Institute of America's definition 

of a robot .'as a "reprogrammable, multi-functional manipulator 

designed to move material parts, tools, or specialized devices^ 

tht̂ ough variable'̂ programjmed motions for̂ t̂he performance,of a. 
' ' ' • " .•. ' • • 

var.-i'ety of tasks"" [Sockolow, 1981, p. 40], 
- • > •• • • = . . 

While industrial^robots vary widely in function and 

complexity, ail include'three basic" components: t̂hfe manipulator 

includes^the robot frame and mechanical parts; the controller 

determines the sequence of motions, and in the more complex. 



4.20 
1 

intelligent robots these motions are programmed with numerically-

controlled (NC) tapes or microprocessors; the motor drives 

the 'robot and can be one of three types, pneumatic,^ hydraulic 

or electric. Electric motors are most advantageous for 

small robots requiring precise, clean operationŝ '̂and low 

maintenance. 

Robots are currently used in processes as diverse as 

forging, welding, assembling, painting and machine tool loading. 

Accar̂ ding to Ayres and Miller [1983, p. 25], the tasks that 

the,current generation of robots can accomplish include loading and 

unloading CNC machine tools, die casting machines, hammer forging, 

machines, etc.; spray painting on an assembly line; cutting cloth 

with a la'ser; making molds;^^anipulating tools such as weldirfg 
f / • % . • . 

guns and drills; and assembling simple mechanical and electrical -

parts. The following examples of robot installations inSicate 

the variety of functions robots are beginning to perform and 

the kinds of labor impacts that have been experienced. 
Honeywell i'ntroduced four- robots "to perform most of • 
the functions handled by the machine operator" and 
claims a'10% increase in production and a 50% decline 
in labor costs [Mastez, 1981, p. 78] 

Volvo introduced 28 robots into an auto assembly line 
to make 695 spot welds, replacing 67 workers ;with a 
"handful of key staff"- [Engelberger, 1980, p.66]. 

At John Deere & Co., "Robots are handling 80-85 percent' 
of the painting on each tractor - providing a labor 
saving of $300,000" . [Vaccari, 1982, p. 131] 

"12 die casting machines can be serviced by six robots, 
all under the supervision of, one operator" [Engelberger, 
1980, p. 145] ^. • 

To date, investments in robots have been made primarily to. 

replace unattractive and often dangerous jobs in foundries 
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and in welding and painting operations in auto and farm 

equipment assembly plants. Far larger labor impacts await-

the introduction of more sophisticated machine loading and 

assembly robots. Assembly robots with rudimentary visual 

and tactile sensors made by IBM are currently used in production 

by IBM, General Dynamics Corporation and Boeing [Marcus, 

1983, p. D2]. As an indication of future developments, Hitachi 

has "publicly announced a task force of 500 key technology 

experts to fashion and install a standardized assembly robot 

with both visual and tactile sensors, microcomputer control 

"and mobility, and projected a 60% ̂ robotizktion of its assembly 

processes by 1985" [Aron, 1982, p. 33]. 

While concerns over reliability and accuracy in the 

performance of work tasks and over the health and -safety of 

workers may affect the decision to invest in robots, the 

overwhelming determinant is reduction of labor costs. As 

Engleberger, the president of the largest maker of robots, 

has said, "Industrials are mildly interested in shielding 

workers from hazardous working conditions, but the key 

motivator is the savings of labor costs by supplanting a 

human worker with a robot" [Engleberger, 1980, p. 103]. Ayres 

and Miller [1981, p̂ . 25] also found that "survey respondents 

overwhelmingly ranked efforts to reduce labor.cost as their 

main motivation" for installing robots. According to on6 

executive, upper management sees the robot "as a way of 

magically substituting dependable machines for difficult-to-

manage personnel" [Teresko, 1982, p. 38]. A survey of robot 
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.î sers [Frost and Sullivan, 1979] found that countering labor 

instability was a major factor in the decision to |)urchase 

robots. 

These advantages have led market, analysts to project 

annual growth rates of 30-40% for the robot market through 

1990. Robot purchases increased from about $100 million in 

1980 to $150 million in- 1981.. Despite the severity of the 

1982 recession, robot sales reached $185 million in that 

year, a rise of 23% over 1981 [Hoard, 1983, p. 12]. The 1990 

market has been estimated by most analysts to be about $2 

billion and projections of the number of robots that will be 

sold in that year range from 21,000 to 31,000. Aftej: surveying 

these projections, a recent Upjohn Institute study concluded 

that a stock .of 50-100,000 industrial robots would be in 

place in 1990 [Hunt and Hunt, 1982, p. 43]. This represents 

significant increase over the estimated 4,700 industrial 

obots in use at the end of 1981 [Robot Institute of 
'. 'I • • • -

4mericar 1981, p. 3]. Unfortunately, these projections are 
> 

sually made without specifying either the underlying assumptions 

qoncerning future economic,conditions or the unit prices in 

wjhich; the estimates are expressed. 

The increasing production and use of industrial robots 

in the; U.S. will, affect the capital, intermediate inputs, and 

labor requirements of many industries. In this study, we' 

consider only the diffusion of industrial robots of currently 
\ • .• 

ailable technology. T̂ hese include simple pick-and-place 
i • • 

robots as well as programmab„le point to point and continuous-
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path robots with elementary visual or tactile capabilities. 

While most industrial robots are currently used to perform 

painting and welding tasks, in the future most robots will . 

be used for machine tending and elementary assembly operations, 

and this increased scope is reflected in our projections. 

We have assumed that industrial robots wil be 

. • / / 

/ / 

used exclusively in manufacturing industries.' According to a / 

report of-the Japan Industrial Robot Association (JIBA), / 

manufacturing industries are expected to account for 87% of/ 

the demand for industrial rbbots in Japan as late as-1990/ 

[Japan Economic Journal, 1981, p. 7]. Since Japan is 

pioneering the application of industrial robots to non- ' • 

manufacturing tasks, it is likely that an even higher share 

of robots will be confined to the manufacturing sector in the 

United States. In this report we do not consider their future -

use in the mining and service sectors or in the home. 

We assume an average 1979 robot price of $70,000, 

a figure that lies within'the range implicit in the literature.^ 

Our representation of the robot-producing sector, lEA #86, assumes 

that an average industrial robot includes certain peripheral 

equipment that is not manufactured but is passed along by 

the robot producer, increasing its price by 20% to $84,000. 

. Finally, si'nce the industry was insignificant in size 

until the late 1970's, we assume.that the Robotics sector 

^For example, dividing Aron's estimates of the value of the 
1980 robot market by the number of robots sold gives a price 
of $78.,,000 [Aron, 1982, p. 32]. K similar calculation with 
Conigliaro's estimates produces a 1980 price of $68,966 
[1981, p. 8]. 
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first began producing industrial robots in 1977. 

The next section describes the capital (B matrix), 

intermediate input (A matrix), and labor (L matrix) requirements 

of the sector producing robots, lEA #86. These three columns 

are estimated for 1977 and, in the absence of additional 

information, are assumed to remain unchanged in future years I . 

The following section describes the associated changes in the 

input structures of robot-using sectors for 1980, 1990 and 

2000. 

2. The Production of Robots 

Capital Coefficients 

Column #86 of the B matrix represents the amounts 

of the various kinds of plant and equipment 'that are required 

to increase the capacity of the Robotics sector by one unit. 

Since government data are not yet published for the Robotics 

industry and we were unable to survey robot manufacturers on 

this question, we based our estimates of these capital 

requirements on those of a similar industry. Although robots 

have much in common with machine tools, metal fabrication 

plays a key role in the production process of the Metalworking 

Machinery lEA #46 sector, while robots are manufactured 

primarily by assembling purchased components. The process 

used to manufacture computers; is, like that of robotics, 

dominated by the assembly of relatively small parts (including 

electronic components)'. We used the 1972 column coefficients 

of the Computer sector (lEA #50) for the Robotics sector 

with a single exception: the •-;c6mputer requirements of the 
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Computer sector (b5o,5o) were judged to be too large 

for the Robotics sector and this coefficient^ wa's replaced in 

column #86 by the coefficient that describes the purchases 

of computer's by the Metalworking Machinery sector (bso 46)* 

The resulting column of the B q̂ atrix for the Robotics sector 

is shown ̂ in Table 4.5. 

Table 4.5. Largest Capital Coefficients for the Robotics 
Sector in 1977 (Capital Requirements per Unit 
Increase in Capacity) 

Code Sector 
Capital • 

Coefficient 

22 
45 
46 
47 
48 
50 
51 
52 
53 
56 
60 
61 
65 
71 
72 

Othe 
Mate 
ffleta 
Spec 
Gene 
Elec 
Off i 
Serv 
Elec 
Radi 
Misc 
Mo to 
Opti 
Whol 
Ret a 

r Furniture and Fi 
rials Handling Mac 
Iworking Machinery 
ial Industry Machi 
ral Industrial Mac 
tronic Comput'iqg a 
ce Equipment, exce 
ice • Industry Machi 
trie industrial Eq 
o, TV, and Comm'uni 
ellaneous Electric 
r Vehicles and Equ 
cal, Ophtttalmical, 
esale Trade 
il Trade 

xtures 
hinery and Equipment 
and Equipment 
nery and Equipment 
hinery ̂ and Equipment 
hd .Related Equipment 
pt lEA #50 
nes 
uipment and Apparatus 
cations Equipment 
al'Machinery and Supplies 
ipment 
and, Photographic Equipment 

.0253 

.0974 

.0491 

.0522 

.0386 

.0114 

.0080 

.0071 

.1424 

.0682 

.0078 

.0617 

.0208 

.0415 

.0093 

. 5 
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Intermediate Input Coefficients 

-As in the case of the capital coefficients (B matrix), 

our estimates of the intermediate input requirements for the 

production of robots were based on data for a comparable 

sector in the A matrix for 1977. Despite the differences 

between the two sectors pointed out in the last section, we 

judged that Robotics (lEA #86) required a similar mix of 

materials and parts as Metalworking Machinery and Equipment 

(lEA #46) after making several major adjustments concerning 

purchases of industrial contwals from lEA #53/ steel from 

lEA #36, and peripheral equipment from lEA #45. 

The controller is a key component of all robots and 

estimates given in various sources suggest 7% as the share of 

controls in the value of a robot. These controls are purchaseĉ ^ 

from Electrical Industrial Equipment, lEA #53. We have 

assumed that the computer (microprocessor) component of a 

robot is included in the controller and consequently no 

direct purchases are made by Robotics from the Computer and 

Semiconductor sectors. , 

The use of steel per unit of output in the machine tool 

industry,(.077) was significantly reduced to reflect the 

primary role of assembly of purchased parts' in the robot 

manufacturing process. , Purchases from Primary Iron and • 

Steel Manufacturing, lEA #36, are assumed to be 2 cents per 

dollar of robots (0.02) in 1979 prices. This compares to « figure 

of 1.2 cents (.012) that can be derived from William Tanner's 

estimates [Hunt and Hunt, 1983, Table 4*3]. , 
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\ 

A large part of the costs of a fully installê d robot , 

consists of materials handling equipment and end-of-arm 

tooling.' To represent these purchases^ we assumed that the 

robotics industry purchases this equipment and passes it 

along to the buyer with the robot. From a study by Tanner 

and Adolfson [Hunt and Huntr 1982, pp. 36-7], we estimate 

that 15% of the value of the robot (including the passed 

alorug robot-related equipment) consists of materials handling 

equipment (primarily conveyors, part orienters and'guard 

rails) manufactured by sector lEA #45. In addition, 

5% of the value of a .robot is estimated to consist of end-of-

arm tooling, purchased from the/machine tool accessories 
/ . • • 

portion of Metalworking Machinery, lEA #46. We assumed that 

the value of tools accompanying the robot that would otherwise 

have been purchased directly by robot-using sectors is 

negligible in size and made no compensating adjustments. 

"with these changes, the inputs increase by 20% of the value 

of Robotics output. To compensate for this increase, the 

remaining coefficients were divided by 1.-20. 

As Table 4.6 shows, most of the intermediate inputs used 

in the manufacture of robots are assumed to be purchased 

from four sectors: lEA #53, Electrical Industrial"Equipment 

(industrial controls and electric motors) ; lEA #49-, Miscellaneous 

Machinery (hydraulic and pneumatic cylinders, and other parts); 

lEA #48, General Industr-ial Machinery (hydraulic and pneumatic 

motors and power transmission equipment); and lEA #-36, Primary 

Iron and Steel. The .other large inputs, lEA #45 (Material 
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Table 4.6. Intermediate Requirements for the Robotics Sector in 1977 
(dollars per dollar, 1977 prices) 

Code Sector Coefficients^ 

30 Petroleun Refining and Allied Industries 
31 Rubber and Miscellaneious Plastic Products 
35 Stone and Clay Products 
36 Primary Iron and Steel Manufacturing 
37 Primary Nonferrous Metals Manufacturing 
39 Heating, Plumbing and Structural Metal Products 
40 Screw Machine Products and Stampings 
41 Other Fabricated Metal Products 
45 Materials Handling Machinery and Equipment 
46 Metalworking Machinery and Equipment 
48 General Industrial Machinery and Equipment 
49 Miscellaneous Machinery, except Electrical 
53 Electric Industrial Equipment and i^paratus 
55 Electric Lighting and Wiring Equipnent 
60 Miscellaneous Electrical Machinery and Supplies 
61 Motor Vehicles and Equipment 
64 Scientific and Controlling Instriments 
67 Transportation and Warehousing 
68 Coitinuniqations, exceot ̂ d io and TV 
70 Electric, Gas, Water aA^Sanitary Services 
71 Wholesale Trade 
73 Finance 
74 Insurance 
75 Real estate and rental 
76 Hotels, Personal and Repair Services exc. Auto 
77 Business Services 
78 Eating and Drinking Places 
79 Automobile Repair Services 

.0175 , 

.0042 
,0042 
.0200^ 
.0150 
.0050 
.0050 
.0066 
.1500C 
.0558<3 
.0133 
.0220 
.0800© 
.0008 
.0008 
.0017 
.0025 
:0092 . 
.0042 
.0083 
.0208 
.0050 
.0017 
.0075 
.0017 
.0208 
.0083 
.0008 

The source of these coefficients is the 1977 lEA column for Metalworking 
Machinery, lEA #46, in 1979 prices unless otherwise noted. See text for 
further explahation. " ' 
Reduced from . ^ 1 ^ , . , ' 
This represents the Materials Handling Equipnent thait is passed along to 
the purchaser. \, . . 
Includes .05 for end-of-arm tooling and .0058 for other inputs from 
Metalworking Machinery ,(I'EA #46). 
Includes .07 for controls and .01 for other purchases fran lEA #53. 
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Handling Machinery) and lEA #46 (Metalworking Machinery), 

consist of robot related equipment that is passed along to the 

using industry. / 

Labor Coefficients ~̂  

Estimates of the labor required per unit of output in 

the Robotics industry were based on discussions with the 

personnel department of Unimation, Inc., a firm that accounts 

for almost half the robots produced in the U.S. Table 4.7 

show55 that four occupations accojunt for most of the employment: 

Engineers (27%), Managers (9%), Clerical Workers (16%) and 

Assemblers (15^). The occupational composition reported 

by Unimation for 1982 was assumed for the robotics industry 

as a whole in 1977 and subsequent years. 

Labor coefficients were computed by dividing employment 

in each occupation by an estimate of Unimation's 1982 output, 

$72 million. These*coefficients were used to describe 1977 labor 

requirements and are shown in Table 4.7. 

3. The Use of Robots; 1980, 1990, 2000 

Capital Coefficients , 

The future use of robots in each sector Is determined 

in the lEA database by two parameters. The first is an 

expansion coefficient, which measures the investment in 

robots required to expand capacity by one unit. The second 

is a modernization coefficient which describes, the 'annual 

investment in robots per unit of output in the absence of 

expansion. Both types of capital coefficients were deduced 
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Table 4.7. Labdr Coefficients for the Robotics Sector in 1982 
(workers per million dollars of output, 1982 prices) 

1 
^ 

Code 

1 
2 
3 
4 
6 
7 
8 
9 
16 
17 
18 
19 

, 20 
24 
26 
29 
30 
32 
33 
39 
40 
41 
42 
43 
46 
48 
52 

«« 

^ 
Occupation 

Electrical Engineers 
Industrial Engineers 
Mechanical' Engineers 
Other Engineers 
Computer Programmers 
Computer Systems Analysts 
Other Computer Specialists 

Occupational 
Composition^ 

\ 

Personnel & Labor Relations Workers 
Other Professional, Tiechnical 
Managers, Officials, Proprietors 
Sales Workers 

• ' • 

Stenographers, Typists, Secretaries 
Office .Machine Operators 
Other Clerical 
Electricians 
Foreman, nee 
Machinists 
Other Metal Working Craft Workers 
Mechanics, Repairers 
Assemblers ^ 
Checkers, Exaifiiners, Inspectors 
Packers and Wrappers . 
Painters 
Welders, Flame Cutters 
Other Operatives 
Janitors and Sextons 
Laborers 

Total 

^Reported by Unimation, Inc. for 1982 

i / 

• 

12.1% 
2.2 
4.4 
8.3 
2.1 
.9 
.3 -
.3 

8.2 
9.0 
.̂.0 
5.6° 
.9 

9.2 
.9 
.8 

2.3 
1.5 
.8 

14.7 
2.8 
.4 
.7 
.9 

5.6, 
.4 
.7 

100.0 

' 

Corresponding 
Labor 

Coefficients 

1.10 
.20 
.40 
.75 

' .19 
.08 
.03 
.03 
.74 
.82 
.36 
.51 
.08 
.83 
.08 
.07 
.21 
.14 
.07 

1.34 .. 
.25 
.04 
.06 
-.08 
.51 
.04 
.06 

9.07 

3 
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from estimates of the future stocks of robots held by each 

sector per unit of output — an average robot to output 

ratio -- in the absence oi expansion. 

The estimates of average robot capital coefficients 

were developed in 3 stages. First, the'1980 stock of robots 

was estimated for each robot-using industry. Second, the 

increase in the aggregate robot stbck required to produce the 

same level of output using the average technology in place in 

1990 was projected. Finally, these 1.980 and 1990 stocks 

were distributed to each of 43 robot-using industries. 

Because of the small number of industrial robots in use 
c . . . 

before 1977, we began'by estimating average robot capital 

coefficients (the stocks ôf robot's held per unit^of output 

for each using industry) for 1980, and this serves as oui? 

base year for the projections to 1990(»and 2000.' ̂ "Ar'$84,000 

each, "the estimated 2600 robots in use in 1980 represented-a 

stock of $218.4 million. 

There is at.present no systematic collection of data on / 

the stocks of robots- held by industry. However, a study by 

Frost and Sullivan used survey data to estimate, the sales of , 
•• • > , ' . • . 

robots to 13 manufacturing industries and industry groups for 

1979 [Frost and Sullivan, 1979, p. 135]. A recent-Society of 

Manufacturing Engineers Delphi study on robotics presented^ 

estimates of'the share of the robot market purchased by the 

Auto and Aerospace industries and the Casting and Foundry, 

Electrical and Electronic, Hteav̂  Manufacturing^and Light 

Manufacturing industry groups [Sniith and Wilson, 1983, p. 48]. 

V 

r 
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These two sources were supplemented by information in trade 

journals to estimate the distribution of industrial robots 

by sector. ' , -

These data are assembled for 1980 in Table 4.8 which shows 

that primary metals and metal fabrication industries (lEA #36r-

41) account for 35%, and auto and farm equipment producers 

hold another 23% of the stock of robots. .Almost 14% are held 

by producers of electrical equipment ,(#53-56), arid" 5,3% -are 

used for aircraft production. The estimated shares for 1990 

'and 2000 are also shown in this table (the changes from the 1980 

distribution are explained below). The average coefficieYits 

for 1980 were computed by dividing each component of the 1980 

vector of robot stocks (the shares multiplied by the aggregate 

stock) 'by the corresponding component of the vector of 1980 

outputs, all dn 1979 prices. 

Despite a stagnant economy, investment by manufacturers 

in robots has grown rapidly in the last few years. In our 

projections we ̂ assume that under the high diffusion scenario, 

S3, the average use^of robots per unit of output will,grow 

at a real- rate ofc 25% a year. Under Scenario S2, a 15% rate 
• • • * -

of growth is assumed. These estimated growth rates are>j used 

-to compute the stock of robots that will be required in 1990 

to produce base year (1980) levels o'f output. 

> 

•>.«5SF 
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Table 4^8. Elistrlbution of Robots by Sector 
'. in 1980, 1990 and" 2000, 

' <* '.(percentages) 

y 

-̂  

, ̂  

., 

-

,. 

•• '1 

Code SectoK 

12 
^13 
'21' 
22 
26 
-27 
28" 
29 
• 3i 
34-
35 
36-
37 

~38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
»51 
52 
53 
54 
55 
56 
57 
58 
59 

• 60 
61 
62 
63 
64 
65 
66 
86 

Ordnance and Accessories . 
Food and.;iKindEed Prpducts ' 
Household Furniture-
Other ,Furniture and Fixtures 
Chemicals and Selected Chemical Products 
Plastics and Synthetic Materials 
Drugs, Cleaning and Toilet.Preparations 
Paints and Allied Products f 
"Petroleum Refining and Allied Industries • . 
Glass and Glass Products / 
Stone and Clay Products j ' . 
Primary Iron and Steel Manufacturing 
Primary Nonferrous-Metals Manufacturing 
Metal Containers 
Heating, Plumbing and Structural Metal Products 
ScrewMachine Products and Stanpings 
Other Fabricated. Metal Products 
Engines and Turbines 
Farm and Garden Machinery 
Construction and Mining Machinery 
Materials tendling Machinery and Equipment 
Metalworking Machinery and Equipment 
Special Industry Machinery and Equipment 
General Industrial Machinery and Equipment , 
Miscellaneous Machinery, except Electrical 
Electronic Coitputing and Related Equipment 
Office Equipment 
Service Industry Machines 
Electric Industrial Equipment and i^paratus 
Household Appliances 
Electric Lighting and Wiring Equipment 
Radio, TV, and Communications Equipment 
Electron Tubes 
Semiconductors and Related Devices 
Electronic cpnponents, nee 
Miscellaneous Electrical Machinery, and Supplies 
Motor Vehiclps and Equi^ent 
Aircraft and Parts 
Other Transportation Equipment 
Scientific and Controlling- Instruments 
Optical, Cphthalmical, and Photographic Equipment 
Miscellaneous ["lanufacturing 
Robotics Manufacturing 
Total 

• 1980 

1.76% 
• 1:33 
.27 
.27 

1.40 
.50 
.62 
.13 

1.76 
.22 . 

1.11 
• 12.40 

8.10 
1.76 
4.60 
3.54 
4.60 
.58 

3.10 
.93 
.26 
.62 
.49 

. .88-
.53 

1.60, 
, .60 

.60 
2.65 
4.73 
1.70 
4.73 
.22 
.71 

1.20 . 
.1.70 
20.00 
5.31 
1.50 
.09 
.09 
.22 
.10 

100.00 

F 

1990, 2000 

2.64% 
4.00 
.40. 
:40 

2.10-
.75 
.93 
.20 

2.64 
.33. 

1.66 
6.20 
4.00 
.80 

2.30 
1.77 
2.30 
.87 

2.80 
1.40 

.4p 

.90 

.74 
1.32 
.80 

2.40 

.90 

.90. 
4.00 
7.10 

'̂  2.60 
7.10 
.33 

1.10 
1.80 
2.50 

18.00 
4.80 
2.25 

.14 

.14 
, .33 
' .15 

100.00 

30 
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The next step was to dî stribute the 1990 stocks among 

robot-using industries. The first generation of' industrial 
/ 

robots has been concentrated in the foundry and casting (lEA 

#36-41), Farm and Garden Machinery (lEA #43)., Motor Vehicles 

(lEA #61) and Aircraft (IEA'#62) industries (see Table 4.8). 

However, with the application of robots to assembly, materials 

handling and machine tending, the shares of-the aggregate 

stock held-by these industries can be'expected to fall and 

the sectoral distribution of installed robot>'should become, 

more equal. Industries- using small batch techniques (lEA 

#44-53) to produce metal-parts, equipment arnd machinery will 

increase their use of robots for tool changing and materials 

handling. The shares of aggregate robot stock held b1̂  industries 

whose production, processes ,are characterized primarily by 

assembly and packaging tasksMS.g,, Household Appliances, 

lEA #^3, Radio and TV, lEA #56, and Food and Kindred products, 

IKA #13) can also be expected tojincrease in coming years. 

As shown in Table 4.8, th/ proportion of robots held by 

sectors lEA #36-41 in 1990 and 2000 is half the 1980 value, 

while Farm and Garden Machinery (lEA #43), Aircraft (lEA 

#62) and Motor Vehicles (lEA #61) each decline by 10%. The 

proportions held by all other industries are assumed to 

increase, by 50%, with the exception of Food Products (lEA 

#13), which rises by 300% in anticipation of the "widespread 

application -of robots to materials handling.and packaging 

whicĥ 'play particularly important roles in this sector. 

'S 
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The product of these sector shares and the projected aggregate 

robot stocks yields estimates of the average use of robots 

by sector for a given (1980) level of output in 1990. 

- The annual increase for each sector in the stock of 

robots between 1980 and 1990 that will be used to produce a 

given (1980) level of output can now easily be computed. 

These modernization (labor replacement) coefficients-^ describe 

the investment requirements in the absence of expansion and 

are assumed to grow throiigh 1990 and then to remain at these 

1990 values through 2000. 

The capital coefficients governing expansion — row #86 

of the B matrix — were derived from these (average) ratios, 

of robot stock to sectoral output. .For-1980, we assume 

that the capitad coefficients were the same as the average 

coefficients for that year. • For 1985 the capital coefficients 

(robot requirements in new plants) are assumed to be the 

same as the average coefficients (robot requirements in the . 
\. 

average plant) for 1990. As a result of improvements in the 
\ 

current generation of robots and an increased awa'reness of 
s 

their capabilities', these capital coefficients are assumed 

to reach the.ir maximum values in 1985 and to remain constant 

thereafter: 

•̂ The corresponding reductions in sectoral labor coefficients 
are described below. 
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,»v 
Intermediate Input Coefficients , 

The increasing use of industrial robots is likely to 

have some effect on the use of paint per unit of output, 

and this is the only intermediate input considered here. 

Robots can be programmed to apply an identical coat of paint 

to each object, with the result that "in spray painting operations 

it is not uncommon to achieve a 10* to 30 percent savings in 

materials" [Teresko, 1982, p. 39]. According to The American 

Machinist [Vaccari, 1982, p. 134], a Deere"& Co. spokesperson 

claimed that the use of robots in the painting of tractors 

has reduced paint consumption by about 13%. 

These estimates of the savings in paint apply only to 

the portion of the painting tasks that has been robotized in , 

each industry. Painting robots are most easily introduced into 

large scale, standardized operatibris. Thus, some workers 

operate automatic machinery for which robots are^not appli-
. • / . r 

cable, while others use spray guns on small, spec4.ali2ed ̂  

jobs that will not be robotized. \ 

The paint (lEA #29) coefficients for robot-using industrie.s 

were projected according to th6 equation 

t 77 
aoQ^ = (l-aB^) a '29j 29j (6) 

where a29j is the paint used per unit of output of industry j 
/' 77 . 

in time t, a29j is the paint, coefficient in 1977 (the base 

year), 3*̂  is the portion of painting tasks performed by robots 

^The corresponding reductions in sectoral labor coefficients 
are describe^d below. 
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in time t, and a is the percent savings in paint that follows 
o 

from thie use of robots. The savings in paint a was assumed 
i'_ . 

to be 20%, and the portion of painting tasks robotized under 

each scenario was based on rough estimates of the share of 

the painters that will be replaced by robots in 1990 and 

2000. We assumed that 15% of the painting tasks in 1990 and 

25% in 2000 would be performed by robots under Scenario S2. 

Under Scenario S3, these figures were assumed to be 25% and 

40%, respectively. Table 4.9 summarizes these assurjptions 

and shows that the new paint coefficients range from 97% of 

the 1977̂  coefficient in 1990 under Scenario 32, to.92% under 

S3 in 200C. 

Table 4.9. Impact of Robots on Paint Requirements 
per Unit of Output in 1990 and 2000 

Proportion of Paint 
Saved (a) 

Proportion of Painting 
Tasks Performed by 
Robots (e) 

Paint Coefficient as 
Proportion of 1977 
Coefficient 

Scenario 
1990 

.20 

.15 

.97 

S2, 
2000 

.20 

.25 

.95 

Scenario 
- "1990 

.20, 

.25 

. 95 

S3 
2000 

.20 

.40 

.92 

^Computed as (l-ag^) in Equation (6) 
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Labor Requirements / 

The growth in the use of robots will lower the labor 

re.quirements for a number of production occupations while 

increasing the need for Robot Technicians. These effects are 

directly associated with the number of robots in place, which 

is computed endogenously by the lEA model in each year from 1977 

to 2000. Changes" in labor requirements for six occupations are 

estimated through the use of a matrix of "displacement" 

coefficients, representing the number of workers in each occu­

pation and each sector displaced by a million (1979) dollars 

worth of robots. These coefficients were computed by weighting 

a general displacement rate (3 workers displaced per robot) 

by the proportions of a given sector's stock of robots assigned to 

applications areas that correspond to 6 production occupations, 

divided by the average unit price of a robot, $84,000. The 

same procedure was followed .for Robot Technicians, except 

that- the entries in''the corresponding row\ of the displacement 

matrix have the opposite sign fr.om the other occupations. 

We estimated the share of the robots held by each 'sector 

that will be devoted to five areas of application: welding, 

painting, assembly, machine tending and miscellaneous materials 

handling. The first four of these applications affect workers 

in the following lEA catgories: Welders and Flame Cutters 

(LAB #43), Painters (LAB #42), Assemblers (LAB #39) and Other 

Operatives (semiskilled machine operators) (LAB #46). Materials 

handling robots were assumed to replace two categories of workers. 

Packagers and Wrappers ..(LAB #41) and Laborers (LAB #52) . 
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The results of the most recent attempt to project the 

share of robots by application to 1990 [Hunt and Hunt*^ 1982, 

p. 42] are reproduced in Table 4.10. Unfortunately, this 

st;udy distinguished only the auto industry and "Other Manu­

facturing." We assume that in 1990 Farm and Garden Machinery 

(lEA #43), Aircraft .(lEA #62), and Other Transportation . • 

Equipment (lEA #63) will use the same share of robots in ^ 

each application area as the Upjohn Institute study [Hunt 

and Hunt, 1982, p. 42] projects-for Motor Vehicles (lEA #61). 

For most of the remaining sectors, materials handling robots 

(i.e., those used primarily for packaging and in automated 

warehouse systems) were assumed to make up 10% of each industry's 

Table 4.10 U.S. Robot Population by Application in 1990 

Application 

Welding 

Assembly 

Painting 

Machine 
loading/ 
Unloading 

Other 

Tbtal 

Source 

Autos 
Range of Estimates 
Low High 

3,200 . 
(21.3%) 

4,200 
(28.0%) 

1,800 
(12.0%) 

5,000 
(33.3%) 

800 
(5.3%) 

-15,000 

4.100 
(16.4%) 

8,800 
(35.2%) 

2,500 
(32.0%) 

8,000 
(32-, 0%) 

1,600 
(6.4%) 

25,000 

J: [Hunt and Hunt, .15 

All Other Manufacturing 
Range of Estimate 
Low High 

5,000 
(15.7%) 

5,000 
(14.3%) 

3,200 
(9.1%) 

17,500 
(50.0%) 

3,800 
(10.9%) 

35,000 

382]. 

10,000 
(13.3%) 

15,000 
(20.0%) 

5,500 
(7.3%) 

34,000 
(46.0%) 

10,500 
(14.0%) 

75,000 

Total 
Range of Estimate 

Low High 

8,700 ^4,100 
(17.4%) (14.1%) 

9,200 23,800 
(18.4%) (23.8%) 

5,000 8,000 
(10.0%) (8.0%) 

22,500 42,000 
(45.0%) (42.0%) 

4,600 12,000 
(9.2%) (12.1%) 

50,000 100,000 
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installed robots. In the food, chemicals, glass and stone 

processing sectors (lEA #13, 26-29, 31, 34-35) the remaining 

share (90%) of the robot stock was allocated entirely to machine 

tending applications. In primary metal processing (lEA #36, 

37), 10% of the robots were assigned to welding, reducing 

those in machine tending operations to 80%. The remaining 

metalworking sectors (lEA #12, 38-42, 44-49, 52) were assumed 

to use half their robots for machine tending, 20% for welding 

and 20% for assembly and 10% for materials handling tasks. 

Finally, those industries specializing in assembling operations 

(lEA #53-59, 64 and 65) were assumed to use 30-60% of their 

robots for» assembly. 

Recent evidence from Japan suggests that among the most 

advanced robots currently in use, displacement rates of 2-4 

workers per shift are possible. A study published by the 

Japan Industrial Robot Association, [1982] includes the 

following examples: 

Arc welding system for two types of Farm Appliance 
Components. . . . The number of workers required in 
this process has been reduced from 3 to 1 [p. 352]. 

Automatic System to continuously operate five die cast 
machines with only one worker. . . . The operation of 
five die cast machines needed fi<̂ e workers - one for 
each machine before the robot was introduced. Now they 
can be satisfactorily run by only one person [p. 364]. 
System for automatically piling up and cooling down 
aluminum ingots cast by a continuous casting machine. . . . 
Formerly, four workers had been needed to pile up ingots, 
but one operator is now able to attend to the entire line 
satisfactorily [p. 374]. 

Full automatic mounting system for semiconductor chips. . . 
One automated machine can perform work which, if carried 
out manually as before, would have required 6 workers 
(p. 234). 
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These examples appear to lie at the high end of the 

spectrum of displacement ,rates appearing in the literature. 

Displacement rates of 1.5 workers per shift in die casting 

and two workers per shift in press work are cited in [Engelberger, 

1980, p. 153, 145]. A Battelle Memorial Institute survey of 

five German factories [Ayres and Miller, 1983, p..-73] states 

that the average displacement per robot is 1.5 workers per 

shift. Based on 1.5 workers per robot and 2-shift operations, 

we assumed that three workers are displaced per robot. 

The literature also suggests that, one robot technician 

will be'required for every six robots per shift [Freedman, 

1982, p. 34; Engelberger, 1980, p. 145], With two shift 

operations, two robot technicians would be required for 

every 6 robots. ' , 

These rates were used to compute the number of workers 

displaced (or employed in the case of Robot Technicians) in 

each occupation per million dollars of a given sector's 

robot stock. Displacement (employment) coefficients are 

presented in Table 4.11 for three sectors. They indicate 

that Other Operatives (semiskilled machine operators) (LAB 

#46) are those most affected by robots in the Primary Iron 

and Steel sector, while "Assemblers (LAB #39) are most affected 

in Household Appliances. Direct displacement by robots in 

the motor vehicles industry is greatest for Assemblers, 

Machine Operators and Welders (LAB #43). 
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Table 4.11. Direct Labor Displacement by Robots 
for,Three Sectors ' \ 

(workers per million dollars of robots, 1979 priceŝ ) 

Code 'Occupation 

39 Assemblers 

41 Packers 
and Wrappers 

42 Painters . 

43 Welders and 
Flame Cutters 

46 Other Machine 
Operatives 

47 Robot 
Technicians 

52 Laborers 

Primary Iron 
and 

Steel (#36) 

0 " 

- 1.45 

0 • 

- 3.63 

-28.50 

3.97 

- 2.18 

Household 
Appliances (#54) 

-14.30 

- 1.43 

- 1.78 

- 3.57 

-12.50 

3.97 

- 2.14 

Motor \ 
Vehicles (#6\) 

\ 
-10.10 

- .72 

- 4.33 

- 7.58 

-11.90 

3.97 

- 1.08 

Most industry observers expect that the accuracy and 

dependability that robots bring to^^roduction will significantly 

affect the need for inspectors and checkers. We did not have 

enough information to apply the above methodology to inspectors. 

Instead, we based our estimates of the change in inspector 

requirements 9n the results of two recent studies of the 

labor impacts of robots. The Delphi Forecasts on robots 

conducted by the Society of Manufacturing Engineers [Smith-, 

and Wilson, 1982] concluded that the amount of inspectors "who 

will actually be.displaced by robots" will be 8% in 1990 and 

15% in 19-95. Based on a survey of robot users, a Carnegie-Mellon 

University study concluded that Level 1 robots ("similar to 

those on the market today") could do 13% of the jobs currently 

done by inspectors in metalworking industries [Ayres and 
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Miller, 1981, p. 29]. Using these figures as a rough guideline, 

we assumed that the Inspectors (LAB #40) required per unit 

output in 1977 would fall by 8% by 1990 under Scenario S2 

and 13% under S3. By 2000 we assumed a decline of 20% under 

S2-and 30% under S3... 

D. CNC Machine Tools 

1. Overview of the Technology 

Machine tools are power driven machines designed to 

cut and form metal. Metal cutting machine tools include 

turning (lathe), boring, drilling and milling machines, while 

metal forming machine tools consist primarily of presses, 

forges, and bending, punching and forming machines. The most 

significant innovation in machine tool design in this century 

took place in the 1950's with the development of nuraerically-

\controlled (NC) machine tools., Whereas the useof conventional 

^ools was dependent upon the operator, NC tools could be 

programmed to follow a predetermined sequence of steps. As 

Duke and Brand have written, NC "machine tools are controlled 

by instructions which are programmed and- then punched on a 

tape. Information from the tape is converted into instructions 

which position the tools with respect to the work piece; no 

templates, drill jigs,' or stops are used and manual operation 
\ • • 

is no,t necessary" [Duke and Brand, 1981, p.31]. 

The potential advantages offered by NC equipment are 

considerable. Surveys of NC users have been conducted by. an 

MIT group headed by Robert T. Lund and by Frost and Sullivan, 
i a market research firm. Both found that NC tools reduced 
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machining time per part, the amount of scrap produced,'and 

set-up time. In addition, bpth surveys found that the increase 

in management control of the workspace was significant [Lund, 

1978, p. 27; Frost and Sullivan,. 1982, p. 196], However, 
%• 

, • ' * • • • • • 

despite expectations by many industry observers in the late 

1950's and early 1960's that these advantages would cause NC 

tools to revolutionize the production process in metalworking 

industries, only 2% of the machine tools in these industries 

had numerical controls by 1977. 

The failure of the market for NC tools to take off in 

the 1960Vs can be attributed to the high initial"investments 

(both in the tools and in personnel) that were required, 

maintenance problems, programming inflexibility, and manager 

and worker resistance to change [Lund, 1977, p. H-56]. By 

the late 1970's these disincentives to, the dif^sion of the 

NC tools began to disappear. Between 1963 an<^.973 the NC 

share of the total number of machine tools shipped fluctuated 

between .6 and 1.0%. ._This figure rose to 1.6% in'̂ '̂ 1̂977, 

2.1% ih"T9'79, and 2.7% in 1980. Between'1972 and 1980, thfe 

NC share of the value of shipments'" of machine tools almost 

doubled, from 13.4% tO'26.2% [Lund, 1977, p.H-61; National, 

Machine Tool Builders Association., 1981, pp. 93, 100]. 

An increasing familiarity with programmable machines, 

improvements in quality, and lower relative NC machine costs 
i • 

help to explain this rapid increase in the NC share of the 

market. At! least as important, however, was the development 

of computer-numerically controlled (CNC) machinery in the 
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1970's. By 1981, almost all the NC tools on the market \iere 

of the CNC variety. The replacement of taped instructions 

with a CRT (visual display) terminal and programming capability 

at the machine represented a significant advance in the , ' 

technology of machine tool controls because it widened the 

'potential sphere~of NC tool applications: first, to large . 

plants that formerly used less flexible technologies (e.g., 

transfer lines); and second, to small plants, where the older 

generation of NC equipment was viewed as too inflexible. The 

use of CNC .machines reducerd the programming inflexibility . 

and maintenance problems associated with tapes, while the 

'increasing substitution of microprocessors for minicomputers 

narrowed the CNC to NC price differential. 

The most important long-run advantage of CNC tools is 

their potential for linkage with other programmable machines 

on the plant floor and to a hierarchy of computers throughout 

the firm. A recent OECD study has emphasized the significance 

of this advance over the older generation of JHC tools: 

When a part is machined using CNC, a program is fed into 
the computer. . . With the help of such a program, which . 
is easy to change and which can be easily-, found in the 
memory, it is possible for a single operative of average 
skill to produce the part that has to be machined. .' . ^ 
Combined with automatic handling systems (.of the industrial 
robot type) it will be able to compete with transfer,,, 
machines [OECD, 1981, pp. 25, 26] . ^ '̂ 

The substitution of CNC for convent:iortal tools is certain 

to have significant effects on the structure of production 

in the metalworking industries. The following parts of this 

section describe the procedures that were used to estimate 

changes in the "capital (B matrix), intermediate input (A matrix). 

lid! 
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and labor requirements .(L matrix) £)er unit of output that 

can be expected to occur as this substitution takes pi ace 

Scenarios S2 and S3 are'distinguished by the extent of the' 

" \ ' " ' • & " • • • 

substitution projected for'1990 and 2000. 

2. The Prodyction of .Machine Tools, .1990 and 2000 " yctic 

cols 
\ 

As CNC tccyls are s kUted for conventional 

machines, the input requirements"on the producers of machine 

tools (Metalworking Macninery, lEA #46) will be affected. ., 

In this study, we have limited these'eiEfects to the increase ŝ  

in the purchases .of CNC controls. . -

In the early stages of CNC development, the controller 

was a minicomputer. A 1978 MIT study ,describes a CNC tool In 

which "the computer is located on the shop floor,alongside 

the machine, and machine instructions may be programmed or 

•edited at the machine" [Lurid, 1978, p. 4] . . According to an 

unpublished BLS case study, th.e cost of the minicomputer was 

somewhat less than 20% of the total CNC machine tool price,. 

However, as microprocessors have replaced the minicomputer, •. 

the cost of'ji'he controller has dropped to about 10% of the 

total pried'. [Frost and Sullivan, 1981, p. 4]. 

Although the principal manufacturers of CNC controls are 

electronics and machine tool firms such as General Electric, 

Allen-Bradley, and Cincinnati Milacron, the esta^blishments 

from which they are purchased are classified in the input-

output tables as Industrial Controls, a component of the 

broader sector, Electric Industrial Equipment and Apparatus 
Q 9 

(lEA #53) . . 
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Our estimate of the purchases of industrial controls by 

Metalworking Machinery in year t was calculated using the 

equation i. 
t - t • 7̂7 

'=*53,46 = °.̂  + (1"^) 3 53,46 (7) 

where a is the ratio of the value of CNC control units (purchased 

from sector 53) to the value of the CNC machine tool output of 

sector 46, B*- is the ratio of the value of the CNC \ 
c • - '. _ — • 

machine tool output to the total output of sector "46 in year 

^' ^53 46 is the value of the purchases of Electric 
/ 

Industrial Equipment (lEA #53) by the Metalworking Machinery 

industry (lEA #46) per unit of the latter's output, and y 

is the share of industrial controls in the purchases of lEA 

#53 output by lEA #46. The expression aS^ gives the value 

of the CNC controls in total machine tool output, while the 

second term represents the output of lEA #53 — minus controls — 

that is purchased by lEA #46 per unit of. the latter's output. 

The share of the CNC control unit in the cost of the 

machine (a) was estimated to be 10% in 1979- prices.- The , 

estimated share of CNC machine tools in the total machine 

tool output (3*̂ ) was based upon its past rates, of growth 

of this ratio.. From 1972 to 1977 the annual rate was 8.6%; 

over the 1977 to 1980 period, it was 9.0%. Assuming the 9% 

annual rate through 1990 for scenario S2, the 26.6% CNC '• 

share of the market in 1980 would increase to 63%. Under 

Scenario S3, a 12% annual increase was assumed, resulting 

in a CNC share of 83% by 1990. For the.year 2000, the 

•CNC share under Scenario S2 was assumed to be 85% and 
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under Scenario S3, 95%. From the 1977 input-output tablefs, 
77 .11 •' ^ 
="53,46 is .019, and-7353^45 is .012. 

Given theise data, the coefficient 353^45 increases 

to .092 by 2000 under Scenario S2 and to .102 under Scenario 

S3, These numbers are shown in Table 4,12. 

Table 4.12. Impact of CNC Controls on the Purchases of 
Electrical Industrial Equipment (TEA #53) 

by Metalworking Machinery 
(IEA#46) in 1990 and 2000 

(dollars per dollar, 1979 prices) 

/ 
/ •• 

Share of the CNC 
Controls in Output 
of lEA #46 (afit) 

Elecrical Equipment 
(lEA #53) Requirements 
per urtit of output 
Metalworking Machinery 
(lEA 1̂ 46) , except 
Industrial Controls 

1 77 
(1-7) 353,46 

Electlric /Industrial 
Equipment (lEA #53) 
Re qui rements per-Unit 
Outpujt of»• Metalworking 
Machi 
Year 

t 

nery (lEA #46 in 
t . • 

(353,46) 

Scenario 

1990 

.063 

.007 

.070 

S2-

2000 ' 

.085 

.007 

a 

.092 
' 

Scenario S3 

1990 

.083 

.007 

\ _ 
\, 

.090^-, 
\ 

2000 

.095 

.007 

.102 

/ 

\ / 
\ J. 

\ 1 

\ 
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3. The Use of Machine Tools; 1977, 1990, 2000 

Capital Coefficients 

I Metalworking Machinery (IEA'#46) is classified as sector 

#354 in the Standard Industrial Classification and includes 
I 

nine 4-digit SIC industries that mainly produce machine tools 

and the equipment that is used in conjunction with them (tools 

and dies, machine tool accessories). This section describes, 

the procedures used to estimate the capital coefficients 

governing the' investment demand for the output of lEA #46 

for expansion -- i.e., row #46.of the B matrix -- for 1977, 

1990 and 2000. 

Capital coefficients (b46j) for 1977 were developed by 

computing the increase,in the average-capital in place per 

unit of output between 1972 and 1977 and applying this factor 

to the 1972 capital coefficients described in Chapter 3. 

The Bureau of Economic Analysis (BEA) has recently 

published time series data of\ capital stocks held in the U.S. 

which include estimates of the\.aggregate value of metalworking 

machinery [U.S. Department "of Commerce, 1982, p. 170], estimated' 

at $58,664 million (in 1972 pricespxin 1977. (Gross rather than" 

net stocks were chosen since the physical deterioration of metal­

working machinery is considerably more gradual than its. economic 

depreciation.) This figure was deflated to lV7^ dollars and 

transformed to producer prices by deducting the share of trade 

and transportation margins given in [U.S.- Department ofx^ommerce, 

1980, p. A.23], for 1972. ^ 
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The share of this aggregate stock ($125,230 million) held 

by the metalworking sectors (85%) was distributed among them on 

the basis of information derived from the 1976-78 American 

Machinist Inventory of Metalworking Equipment {American Machinist, 

1978, pp. 136-7]. We assumed that the value of the stock was 

proportional to the number of tools held, adjusted for the 

sector's share of numerically controlled (NC) tools. The average 

1979 price of an NC tool was estimated to be eleven times that 

of a conventional tool [National Machine Tool Builders Association, 

1981, pp. 93, 100, 106] and the value of machine tools in use 

in a given industry was adjusted to reflect this price differen­

tial. The value of the machine tool stock held by each sector. • 

was estimated by the equation 

k4 = (llmj+mj)p° (8) . 

where kj is the value of machine tool units in use in industry 
n '. ... 

j, mj is the number of numerical. controlled machine tool uni.ts 
c . „ 

in use, m^ is the number of conventional tools in use, and p^ 

is the unit price of conventional tools. 

About 85% of the machine tools in use in the U.S. in 1978 

were held by metalworking industries [National Machine Tool 

Builders Association, 1981, p. 256]. The remaining 15% was 

allocated to the non-^metalworking industries with the largest 

investment in machine tools in 1972 (the most recent date for 

which this information was available): Livestock (TEA #1), 

Other Agricultural Products (lEA #2), Construction (lEA #11), 

Lumber and Wood Products (lEA #19), Rubber (lEA #31), Glass 

(lEA #34.) and Stone and Clay Products (lEA #35). 
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Average coefficients were computed by dividing each indus­

try's stock of metalworking machinery by its output. The same 

procedure was used to compile 1972 average coefficients, and the 

ratios of the 1977 to 1972 coefficients were applied to the 

capital coefficients appearing in the B matrix for 1972 to 

derive incremental capital coefficients for 1977, 

For the projection of capital coefficients, we assumed that 
I 

machine tools can be subdivided into two categories, conventional 

and CNC, Thus, NC equipment was not distinguished from the 

CNC variety, a reasonable simplification since as early as 

1979, 80% of the NC market consisted of CNC tools [Tereskio, 

1979, p. 103],reaching 95% and by 1980 [Frost and Sullivah, 

1981]. . , \ 

We define b46j as the stock of metalworking machinery 

required to produce a unit of output of sector j '(k46j/xj) 

in plants using the newest technology. . The stock is in fact 

composed of a mix of conventional and NC machinery (k46j = 

'̂ 461 "*• '̂ 461̂ ' ̂ "̂ ^ "® ^^" define separate capital 

coefficients in terms of the amount of each type of capital 

required to produce the corresponding portion of output: 

n n. b46j = k46j/xj and b46j = K46jy^j' Next, the 

metalworking machinery capital coefficient for industry j 

can bê  Written as the sum of the\ conventional coefficient and 
\, 

the CNC coefficient, each weighted by the share of the sector's 

output produced using the corresponding technology: 

c c n n 
b46j = b46j (xj/xj) + b46j (xj/xj) (9) 
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Finally, Equation (9) can be rewritten as 

lfb46j = (l/b46j) (kj/kj) + (l/b46j) (kj/kj), (10) 

which allows us to replace estimates of the future share of the 
\'" 

ouput produced with CNC tools with estimates of the CNC portion 
i 

of the machine tool stock. To solve Equation (10) for b46j] 

for some year t, we must know the conventional and CNC capital 
e n / 

coefficients (b46j and b46j, respectively) as well as the/shares 

of CNC and conventional machine tools in the total value/of 

the machine tool stock in new plants in sector j at time t, 
n c . / 

(k46j/k46j) and (k46j/k46j). / 

The value of NC machine tools in use'accounted for 10.2% 

of the total machine tool stock held by metalworking industries 
/ 

m 1972, and rose to 22.2% m 1977. Under Scenario S2 the NC 

(CNC) share of the machine tool stock required for expansion 

was assumed to increase further to 42% in 1990, an average 

annual rate of increase from 1977 to 1990 of 5%. Under Scenario 

S3 a rate of 10% was assumed, which results in a 77% CNC share 

in 1990. In the year 2000, CNC tools are assumed to account 

for 85% of the machine- tool stock under Scenario S2 and 95% 

under Scenarios S3 and S4. These levels of diffusion are 

assumed to be attained in each machine tool-using industry. 

Finally, we need to evaluate the conventional' and NC 

captial coefficients appearing in Equation (10). We assumed 

that a CNC tool does the work of 4.5 conventional tools, which 

lies within a commonly cited range of estimates found in the 

literature. For example, according to one source, "a CNC 

flame cutter does the work of 3-5 conventionally operated flame 156 
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cutters" [Iron Age, 1980, p. 16], Another publication 

cites a U.S. firm that replaced 12 conventional lathes with 3 

NC lathes [Real, 1980, p. 53], and an MIT study reports capacity 

ratios of 3:1 and 5:1 [Lund, 1978, p. 25]. In addition., the 

increasing use of machining centers (multi-purpose, milling 

machines) will tend to increase these ratios and, consequently, *• • 

we chose a figure (4.5) at the high end of this range of estimates, 

According to [Frost and Sullivan, 1982], sales of NC machining 

centers will outpace other NC tools and will account for 33% 

of the total machine tool market by 1990. 

Recalling that the unit price of an NC tool is eleven times 

that of a conventional one in 1979 prices,.we can write 

b46j = 11/4.5 b46j = 2.44 b46j. (11) 

For b45 j we used the 1977 metalworking machinery 

coefficients, adjusted to reduce the effect of differences in 

the relative share of NC tools held by sector on the coefiEicients 

in that year. While only 1.6% of the total machine tools in 

use in 1977 were numerically controlled, the proportion varied 

widely among industries, from.4.4% in Aircraft to 0.3% in 

Screw Machine Products [American Machinist, 1978, p. 137]. 

Table 4.13 shows that these procedures produce 1990 Metal-

working Machinery capital coefficients that are 33% larger 

than in 1977 under Scenario S2 in 1990 and 1.28 times large,r 

in 2000 under Scenario S3. •' 
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Table 4.13, Impact of CNC Cpntrois on Metalworking Machinery 
Capital Coefficients in 1990 and 2000 

-

CNC Share of Metal-
working Machinery in 
New Stocks (k"/k) 

Metalworking Machinery 
Capital Coefficient as 
Proportion of 1977 
Coefficient 

Scenario S2 
1990 \ 

\ 

.42 

1.33 

2000 

\ -ss • 

\ .2.01 

Scenario S3 
1990 

.7,7 

1.83 

2000 

.95 

2.28 

Intermediate Input Coefficients \ 

While the primary advantages of CNC tools lie in higher 

rates of machine throughput (output per ^our of operation), 

vastly reduced labor requirements, and their ability to be linked 

with other programmable machines (thereby^ increasing the productivity 

of the entire process), the savings in materials through lower 

scrap rates is also often, cited as a key factor justifying the 

purchase .of these tools. (See [Lund, 1977; p. 27; Real, 

i 

1980, p. 138] ). \ 

As CNC tools are substituted for conventional tools, the 

use of steel per unit of output of the metallworking industries 

should decline. We estimated the new steel coefficients (asgj) 

with the equation 
t 77 -

a36j = a36j - c'YSj (13) 

.where a is the percent reduction in steel scrap, y is the pro­

portion of metalworking operations using CNC tools, Sj is the 
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77 
steel scrap produced per unit of output by industry j, and 335j 

is the steel used per unit of output in 1977. 

4 We assumed that the use of CNC tools can reduce steel 

scrap (waste from machining as well as the steel embodied in 

defective products) by 70% (a=.7). We estimated that the 

production of scrap amounts to 25% of the value of the steel 
77 

purchased for-use with conventional equipment (Sj=i25a35j), 

which is somewhat higher than the Office of Technology Assessment 

[U.S. Congress, 1979, p. 27] estimate of 17,6% for the losses 

from machining and the scrap that is purchased from "end-product 

manufacture." /Che parameter Y was estimated by the share of 

output produced by CNC tools in 1990 and 2000 under each scenario. 

This share was calculated from the projected CNC portion of 

the machine tools required for expansion (see the first row of 

Table 4.15) and the output differential between CNC and conventional 
• ' 7 

tools '(4.5) .4 

These parameters and the resulting steel coefficients are 

given in Table 4.14. As a result of the reduction in steel scrap, 

we estimate that these coefficients decline to 88% of their 1977 

size by. 2000 under Scenario 82, and to 84% under Scenario S3. 

Labor Coefficients. ' 

The machining occupations are those most affected by the 

substitution of CNC for conventional tools. These include 

^For example, if 6% of the machine tools required for ex­
pansion are CNC, the share of the output produced with CNC tools is 

1^16)4,5 J , = .223• 
('.06)4.5 + .94 
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Machinists (LAB,#30), Tool and Die Makers (LAB #31), and-the 

metalworking operatives (included in Other Operatives, LAB #46) 

Table 4.14. Impact of CNC Tools on Steel Requirements 
in 1990 and 2000 

t> 

Reduction in Steel Scrap 
Attributable to CNC Tools 
(a) 

CNC Share of Metal-
working Operations (Y) 

Scrap Produced with 
Conventional Tools (sj) 

77 
as Proportioo of 3353 

Steel Coefficient 
(a35j) as a proportion 
of coefficient 
in 1977 

1 

Scenario 
1990 

.70 

.22 

.25 

.96 

S2 
2000 

.70 

.70 

• 

.25 

.88 

Scenario 
1990 

.70 

.58 

ft 

* .25 

.90 

..: 1 \ 

S3 
2000 

.70 

.90 

.25 

.84 
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The labor coefficients for these three metalworking 

occupations were projected with the equation 

t ^. \ 77 
Iqj = n-.^^'fi^) Iqj (14) 

where a*̂  is the CNC share of the machine tools stock (in 

units) in year t, B^ is the proportion of labor saved per 

I unit of output through the use of CNC tools, and j refers to 

each of the 33 metalworking sectors (lEA #12, 22, 35-49, 51-57, 

59-66, 86). 

The share of CNC tools in the total stock of machine tool 

units (a) increased at an average annual rate of 19% between 

1̂ 977 and 1980. Under Scenario S2 we assume that this share 
• • . \ 

increases at an annual rate of 8% between 1980 and 19S(0, from 

2.7% to 6.0%. Under Scenario S3 a rate of increase of 24% was 

assumed, bringing the. CNC share to 23%. In the year 2000 CNC 

tools are assumed to be 34% of the total stock under S2 and 
65% under S3. Thus, under Scenario'S3 the'rate of.-increase in 

( 
the CNC share of machine tool units increases most rapidly 

,be,tween 1980 and 1990, while under Scenario S2 the rate of 
• • V •• '̂ . 

increase is most rapid between 1990 and 2000. ' " \ 
1 • • • •• •• . . \ 

The labor saving°s per unit of output obtained with the use\ 

of CNC tools (3*̂ ) results from two factors, the output \ 

differential per tool (y^), and the differential in labor 

requirements per tool (.4'-). Each CNC tool is assumed to 

be 4.5 times as productive as a co.nventional tool (y) foe > 

reasons given in the preceding part of this section. 
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The' following passage illustrates why the use of CNC 

tools will also reduce the time required of operators on each 

machine ((j)*̂): 

In machining cente-C.s.,__c_ojnplejc_ shapes may be made by motinting 
cutting tlools of varying sizes and power configurations 
on a single spindle. The cutting tools then are automatically 
changed By transfer arms, which also store the tool. The 
automatic tool changes take only a few seconds; formerly , 
several niinutes of an operator's time were required. ' Machine 
Machining centers also eliminate the need tO:; design, buildv 
build, arid store the jigs and fixtures needed^by single-purpose 
machines. \ 

Single-purpose machines also have been much improved 
b^ numerical controls. For example, numericallly controlled 
boring machines have reduced downtime for loading and 
unloading!-by up to 30%. Nufjerical control applied to 
grinding machines often halves layout time; programmable 
eiectroni'q wheel feed- and wheel retraction have been 
developed] which reduce labor time and enhance precision. 
The design of hobs for gear cutting has been subjected 
to computer calculation, saving cutting time. 

• [Duke and Brand, 1981, p. 31] 

In addition to!these considerations, CNC tools will increasingly 
i • • . ' 

be linked together, further reducing operator requirements per 

machine (tj)̂ ). iAccording to [American Machinist, 1981, 

p. 106], "Enhanced communication capabilities are also being 

incorporated in CNC systems, and one result of this is that 

these' controls are, in effect," becoming t̂erminals that can' ' . 

provide an interface between t'he operator and not only the 

individual machine tool but also the plant's overall computer 

hierarchy." Under scena.ro S2, we assume that average Ĉ IC labor 

requirements pec tool are 80% of the conventional tool requirements 

in 1990 ((t)̂ )̂ and fall to 50% under Scenario S3 by 2000 •' 

(.̂ 2000). . . ^ 

The ratio of the labor•differential required per tool to 

the output differential per tool ((jĵ /yt) gives, the 

\ 

IS 2 
• v / 
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labor requirements per unit of Output using CNC tools and 

gt in Equation (14) (the labor savings per unit of ouput) 
• " u ' . 

is equal to l-( (|)̂/ Y ) • 

ft 

The values of the parameters and the resulting coeffi­

cients are presented in Table 4.15. While the coefficients 

for all thr̂ ee occupations (LAB #30, 31, 46) were projected 

with the same method, the factors shown in row 4 of the 

table were applied to only the 75% of the Other Operatives 

(LAB #46) category who are machine operators. As a result; 

the impact of CNC tools on the labor coefficients for Other 

Operatives, shown in row 5, is lower than.the impacts on 

Machinists (LAB #30) and Tool and Die Makers (LAB #31). 

Row 4 indicates that the labor requirements of these 2 

occupations fall to 42% of., their 1977-value by 2000 

under- Scenario S3. / 
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Table 4.15. Impact off the Use of CNC Tools on 
Labor Coefficients (LAB #30, 31, and 
part of 46) in 1990 and 2000 

t. 

CNC Share of Machine Tool 
Stock in Units ( a*̂ ) 

Ratio of CNC to Conventional 
Tool tabor Requirembnts per 
/rool (<J>̂ ) 

X Ratio of CNC to Conventional 
Tool Output per Tool (Y) 

Proportion'of Labor Saved ' ~~-
Through use of CNC Tools 
{e.t=i-<i,t/Y- ) . 

Labor Coefficients for 
Machinists (LAB #30) and 
Tool and Die Makers (#31) 
as Proportion of 1977 
Coefficient-

i 
! 

Projected Labor Coefficients 
for Machine Operators (part 
of LAB #46) as a Proportion 
of 1977 Coefficient 

Scenario S2 
1990 2000 

.06 .34 

.80 .60 

4.50 4.50 

.82 .87 

0 

.95 .70 

.96 .77 

Scenario S3 
1990 2000 

.23 

<̂  .70 

4.50 

. .84 

.80 

• .85 

1 

.65 ': 

.50 

4.50 

.89. 

.42 , 

/ 

;/ 

1 

.56, 

«*• 

' ; 

•=? 
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Chapter 5. The Automation of Office Operations 

The work processes of most offices are recognizable 
in industrial terms as continuous flow processes; 
they consist of the flow of documents to effect and 
record commercial transactions and contractual 
arrangements. While work processes are punctuated 
by personal interview and correspondence, these 
merely serve to facilitate the flow of documentation. 

[(Braverman, 1974] 

Office automation [OA] inco|rporates appropriate tech­
nology to help people manage information. It is-.not 
a project with a defined pojint of completion nor is 
it the installation of a si'ngle functional element. 
Rather OA is the linking of multiple components or 
elements in such a way that information once entered 
can be processed from point to point with a maximum 
of technological assistance and a minimum of human 
intervention. [Frost and Sullivan, 1980a] 

Electronic data processing during the 1950's and 1960's 

had a significant impact on large numbers of clerical workers, 

microprocessor-based of-fice equipment of the 1970's extended 

the impact of electronic processing to a larger segment of 

white-collar workers, and integrated electronic information 

systems being put in place today affect virtually all white-

collar workers. Section A of this chapter provides an intro­

duction to recent developments in office technology which 

have important implications for capital, labor and intermediate 

input requirements. Section B briefly describes changes in 

the input requirements of firms that produce office equipment, 

and Section C describes detailed changes in the capital, inter­

mediate and labor requirements of sectors that, use electronic 

office equipment and integrated systems. 
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A. Introduction 

• Prior to the 1970's, the impact of the computer on office 

work was mainly to automate large routJ.ae.. and repetitive 

processing tasks. Separate data processing departments were 

created, in firms that could justify the purchase of a mainframe, , 

to perform tasks already performed mechanically by clerical 

workers in the back office such as billing, payroll and 

certain bookeeping functions. The physical flow of information 

to and from the centralized data processing department often 

resulted in Ijottlenecks that limited the advantages of electronic 

processing. Thus, during the 1950's and 1960's, electronic 

computing technology had. only minimal effects on office 

work. In many ways offices during this period resembled 

those of a hundred years earlier: pipelines that required a 

great many human pumping stations at regular intervals to 

see information, manipulate it, and transfer it to others 

[Braverman, 197'4] . 

Advances in microelectronics during the 1970's reduced 

the cost and size of electronic processing and increased its 

application to office functions. Offices began to rely on 

electronic: typewriters, ./ord processors, optical character • / 

readers,' and dictation equipment. These, intelligent office 

machines have increased the productivity of secretaries, 

typists and other clerical .workers previously unaffected by 

mainframe computer technology. More, recently microprocessor 

technology has also reached managers and professionals in 

the form of -desk top computers. 
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Until today the emphasis of., microprocessor-based office 

technology has been to enhance the functional elements of 

office information systems alrea'dy in place. Electronic or 

intelligent office machines have replaced convientional machines 

within the office and have improved the efficiency of the 

paper-based information system but these machines have hot 

fundamentally altered the structure of .the system. Informa­

tion systems in the majority of offices are still based largely 

on paper as an interface medium and continue to require manual 

intervention. According to a reviewer of office • 'chnology 

at Fortune, "Not all terminals have been designer ro commun­

icate with' big corporate computers; almost none can interact 

easily with work stations of another brand nor can they 

always do so with workstations of the same brand" [Uttal,. 

1982]. Microprocessor based office equipment saves labor time 

in many more office processing tasks than mainframe computers; 

however, since a major function of an office is not" only to 

process but to communicate—information-^—isolated intelligent 

equipment has had only limited impacts. 

The major trend in office technology today is to replace 

the paper information.- system with electronic storage and trans­

mission of-information. In electronic office systems recently 

made available, each component performs its own computations 

including data and word processing and provides its own storage 

and communications interface. Separate components are linked 

together through high speed communications networks that 

allow users to share processing, access central storage 

^ 
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facilities, and expedite the flow of information within an ': 

organization. Internal networks interconnect'with common 

carrier networks to allow users on different local area-

networks to communicate. Integrated electronic information 

systems provide a vast application of computer and communica­

tion technology to office functions. As these systems become 

more versatile, they will enable organizations to capture 

information only, once, and process, transfer, store and 

access the .information at a later date with a minimum of 

human intervention. Thus, integrated systems with the poten-. 

tial to replace paper-based office systems may reduce the 

labor required to process information far beyond the savings 

introduced by intelligent machines that operate in isolation. 

r As it stands today integratjed systems have been implemented 

only in establishments that employ large numbers of white 

collar workers such as large corporate offices. To adopt 

a fully integrated system requires significant start-up , 

costs, and firms are hesitant to invest until they have a 

clear idea of their future processing and communication 

requirements. The average price of the complete systems" 

installed for customers by Xerox, for example,' is $270,000 

[Uttal,' 1982]. According to a study by the Rand Corporation, 

"Of the estimated 3.5 million"offices in the U.S. about 1.5 

million are currently large enough for some sort of <^dvanced 

information system" [Bikson and Gutek, 19-83].' This figure will 

increase as smaller and more fle>5,ible systems become available 

and start-up costs decline. 
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Falling hardware costs will continue to expand^the potential 

use of new information systems. New storage technologies;' 

for example, such as bubble and optical memories, provide 

tremendous storage capacities at a fraction of today's cost 

for electronic storage and will further enhance the advantage 

of electronic over paper based storage systems. Progress in 

microelectronics also results in a continuous Increase in . 

processing capacity and decline in its price. Some expect 

that 8K microprocessors capable of performing text editing 

will drbp from $200 to $50 over the next ten years [Burns, 

1980]. Others anticipate that 

individual chips will combine memory, logical proces­
sing, input-output interfaces, and, if appropriatei 
analog-to-digital conversion, allowing'"intelligent" 

^ equipment functions to be dispersed to an unprece­
dented degree. [Spinrad, 1982] 

Advances in communication techndlogy will also play an 

important role in the move towards the automated office. /Would-

be purchasers of electronic office equipment are hesitant to' 

invest now due to.problems of compatability and a new awareness 

of the need for equipment with telecommunications capabilities. 

Networks that have the intelligence to allow previously 

noncompatible machines to interact.will overcome these present 

deterrents. 

Most intelligent networks available today are based on 

the ring principle that enables devices to communicate without 

going through a central network processor. Each device is 

connected to a local processor that injects messages from a 

message stream and monitors the stream for messages directed 
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towards attached devices; the processor then extracts, formats 

and transfers them to the appropriate device. Since intelligence 

is distributed locally rather than relying on a central processor, 

networks based on the ring principle are faster, more reliable 

and more efficient than point to point or star networks. ' 

Although the ring-type systems are expensive at present, as 

memory and processing costs continue to fall and advances in 

fiber optics solve the need for large band widths, ring-type 

systems will offer great cost advantages to offices installing 

them over the next few years. According to [Spinrad, 1982], 

"Local communication networks using optical fibers are 

likely to become common toward the end of the decade." 

Although vendors of office equipment are now selling 

local area networks, the Bell system and switchboard companies 

are also active participants in the local area network market 

with their automated PABX systems. PABX provides voice and|_; 

data transmissions using digital technology over telephone 

networks which are already installed and connect to every 

desk. According to [Electronics Industry Association, 1982], 

30,000 offices will have PBX equipment for.audio, data and 

visual messages and for connecting interoffice work stations 

electronically by 1990. 

Hardware components will continue to evolve rapidly, 

and software development wî ll for some time "be a major bottle­

neck to office automation. 'Analysts agree that most of the 

hardware components necessary to implement the electronic 

office are currently available [Spinrad, 1982; Frost and 
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Sullivan, 1980a]. In contrast, software programming for 

system hardware that automates the flow of information, in 

offices will be the major development cost over the forseeable 

future. According to [Frost and Sullivan, 1980a], "Office 

systems on the market today are too complicated, too ad hoc, 

and do not meet informational requirements in a systematic 

way." The uncertain pace of software development may slow 

the diffusion of integrated office systems. 

Firms can be expected to invest in office systems to 

expand output, to reduce unit costs, or to dc/ both. A wide­

spread perception today is that the salaries of managers, 

professionals and secretaries are rising while white-collar 

productivity is stagnant. According to one source, office "^ 

salaries account for 50% of all business costs today [MOrten-

sen, 1982]. This source also claims that off ice productivity 

rose by 4% between 1960 and 1970 while factory productivity 

grew by 80% over the same period. Low investment in office 

capital is the reason most commonly cited for this discrepancy, 

Several authors observe that while white-collar employees 

work with only §2,000 in equipment, a factory worker today 

is backed up by 525,000 in machinery [Byron, 1981; Uttal, 

1982]. As the price of new office t'echnology continues to 

fall dramatically, firms will move to replace labor intensive 

office information systems, and planned additions to capacity 

will r^ly increasingly on new office technologies. 

Analys,ts agree that the market for integrated office 

systems is likely to"be huge, but there is less consensus on 

174 



5.8 

when this market growth will occur. Frost and Sullivan see 

the market for office" systems expanding rapidly over the 

latter part of the decade [Frost & Sullivan, . 1980a]. Less 

optimistic analysts believe that the indirect costs of imple­

menting office systems such as planning, training and supervision 

— activities that, can cost as much as the technology itself — 

may inhibit investment in office systems [Uttal, 1982]. In 

many instances, in addition, new office procedures are not 

directly related to the production of a firm's principal 

output, and difficulty in measuring the productivity gains 

of new equipment is also seen as a deterrent to investment. 

Fortune cites a reviewer of office systems who finds office 

automation still poorly understood by business people: 

"Users can't articulate what they want and 
suppliers aren't that good at figuring it 
out . . .," says Patricia Seybold, the reviewer 
of offij:;e systems. "It's the blind leading the' 
blind." So office automation will not arrive 
as a revolution, but .gradually, as vendors and • 
users educate each other. The journey to the „ '. 
promised land may not take 40 years but it is r"'""" 
apt to remain painfully slow. , I 

' . [Uttal, 1982] \ 

Since the pace at-which the electronic office will begin 

to supplant the paper-based system is uncertain, it makes sense 

to consider two alternative scenarios. Scenario S2 assumes 

that firms will be slow to invest in integrated office 

systems and represents what now appears to be the lowest 

level of diffusion of integrated office technology that can 

be anticipated over the next 10 to 20 years. Scenario S3 

represents, in our Judgr"-:>nt, the maximum level of diffusion 

that is likely to occur through the year 2000. These scenarios 
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will be destrrrbed—tn—m0ire-<3etail in the following sections. 

B. The Production of Office Equipment 

A shift in the composition of output produced by the Office 

Equipment sector, IEA"#51, toward electronic text equipment will 

change its input requirements. In the early 1970's lEA #51 

produced conventional office equipment such as typewriters, 

m^il machines and scales and balances and duplicating machines. 
i ' ' • 

By the late 1970's,, however, office equipment produced by this 

sector began to rely on electronic components: electronic ̂  

mail machines, scales and balances, and electronic text 

equipment began to be produced in addition to conventional I 
' • • • i 

equipment. In the process, firms have necessarily increased 

their purchases of electronic components as reflected in the 

coefficient asg,51 in the A matrix, i.e., the output of semi-
u tf. • • 

conductors,. lEA #58, required to produce a unit of output of 

lEA #51. •• 1 / 

We•assume that all office equipment will be electronic by 

1985. As a rough estimate of ass,51 in 1985 we use the cost of 

a CPU board divided by the retail price of the word processor^-

and assume that this coefficient applies also to mail machines, 

scales and balances. The coefficient is interpolated for 
I " . ' •• ' • 

years between 1977 and 1985 and over this period represents 

a. weighted average.of Ithe input .requirements for conventional 

and electronic equipment. The value "of 353,51 ibises from' 

.004 in 1977 to .05 b}J' 1985 and remains at this level through 

^Based on information provided by a technical supervisor at 
Hermes Business Products, Inc. 
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/ 
\ 

2000 under Scenarios S2 and S3. We assume that in all other 

ways the input structure of lEA #51 will "remain unchanged 

after U977. 

C. The Use of Electronic Office Equipment 

kk offices within each sector of the economy inves/t in 
a J 

electronic office equipment and systems, other oapital/, 

intermediate and labor requirements will also be affected. A 

rise in the use of computers per unit of output, described in 

Chapter 4, will be the major change in capi-tal requirements 

associated with the electronic office; however, demand for 

other office equipment will also be affected. Moreover, with 

increasing use of computers,,demand for complemenvtarv-inputs 

such as electricity and telecommunications and substitutes 

such as paper will be affected. The most important change, . 

however, will be in the white-collar labor necessary to 

perform many job tasks. This section describes the methods, 

data and assumptions "used to project changes in these te'chnical 
i 

coefficients with special emphasis on labor coefficients. 

1. Capital Coefficients 

The stock of office" equipment, excluding office computers, 

per unit of» sectoral output will.increase through the mid 

1980's but decl'ine over the long'' run. Estimates of the 

annual market for electronic' text equipment in the early 

1980's range between two and seven billion dollars [Marchant, 

1979; Uttal, 1̂ 982; Frost and Sullivan, 1980a; Electroni£s 
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Industries Association/ 1982]. By the mid. 1980's, however, 
' c , 

analysts project tha't intelligent workstations .'(produced by 

the computer sector, lEA #50,,) with word processing facilities 

will/take ove,r the market for the electronic text equipment 

produc.ed by lEA #51 [Frost and Sullivan, .1980a] . Conventional 

typewriters will also be replaced b'y electronic text equipment 

or intelligent work stations and faster, cheaper photocopy 

machines will make ̂ duplicating machines obsolete over the 
0 

next few years. j . ~ 

Invest^ment in office equipment is governed by two" 
<> \ , -

types of coefficients in the lEA model. 'fl?he capital coefficient, 

bsij, represents the off ice lequipmerit required to expand 

the capacity of the j*^^ sector by one unit. There is also the 

j • • • '• x . 
"modernization" coefficient; rsaj/ which describes purchases \ of new- office 'equipment to 'replace obsolete equipment (or 

labor) in the absence of expansion. The remainder of this 
• . - ' J • . • • 

section describes the procedures used to estimate these ̂  

coefficient^s. '* ' ', , 

\ 'T^ rep/esent the combined,effect of a temporary 

increaserin the electfon-ic text equipment and a decline in 

conventional office equipment required to expand output, 

we split the coefficients in row #51 ôf the B.matrix into 

two'parts'as shown in Equation (1) and proj.ect the individual 

coefficients for 1977, 198-5, 1990 and 2000: f 
b5 l1= ba i+ bc j •3 (1) 

where 

b5ij office equipment required to produce one 
additional unit" of output of sector j in year t, 
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'aj 

'cj 

electronic text equipment required to produce 
one additional unit of output of sector j in year t, and 

conventional office equipment required to prodUce 
one additional unit of output of sector j in year t. 

ime We assume that the average new office put in place in 

1977 used the same mix of technologies as the average office 
77 

already in place. To estimate bdj, we first distribute 

the aggregate stock of electronic text equipment in 1977, 

$1.9 billion [Frost and Sullivan, 1980a], among sectors according 

to the percent of secretaries they employ. This distribution, 

shown in Table 5.1, allocates the largest stock to Business 

Services (lEA #77) and other service sectors such as Education, 

Wholesale and Retail Trade, Finance and Insurance. (Business 

Services includes the legal profession, which is said to 

derive the largest direct gain from word processors [Uttal, 

1982].) This stock is then divided by the the sector's 

output in 1977 to produce the coefficients b^j. 

As an estimate of b^j in 1977 we use the coeffici§?\t 

^511 ^°^ 1972, a year predating electronic-office equipit\ent. 

Thus we assume an increased use of office equipment per unit 

of output between 1972 and 1977 with the entire increase 

consisting, of electronic text- equipment. . - ^ ' 

- The coefficients b^^ ^^^ projected based on growth 

in the aggregate stock of electronic text equipment.per unit 

nf gross output of the entire economy. This aggregate co-. 

efficient grew by 37% annually from. 1976-1980 LFrost and 

Sullivan, 1980a; U.S. Department of.Labor, 1982]. Under 

Scenario S2, we assume that this coefficient rises at an 
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Table 5.1. Sectoral Distribution of Secretaries in 1978 
I. . \ \ 

Code Sector Percentage 

\ 

1 Livestock and Livestock Products 
2 Other| Agricultural Products 
3 Forestry and Fishery Products 
4 Agriciiiltural,° Forestry, and Fisherv Services 
5 Iron and Ferroalloy Ores Mining \ .^ 
6 Nonferrous Metal Ores Mining - \ 
7 Coal Mining } , | \ 
.8 Crude Petroleum and Natural Gas \ 
9 Stone and Clay Mining and|Quarrying \ 
10 Chemical and Fertilizer Mineral Mining 
11 Construction ,' - \ 
12 Ordnance and Accessjries ' 
_13 Food and Kindred Products 
14 Tobacco Manufactures / \ 
15 Broad and Narrow Fabrics;, Yarn dnd'Thread Mills 
16 Miscellaneous Textile Goods and Floor Coverings 
17-, Apparel ' . • ' \ 
18 Miscellaneous Fabricated Textile Products 
19 Lumber and Wood Products, except Containers 
20 Wood Containers \ 
21 Household Furniture 1 
22 Other Furniture and Fixtures 1 
23 Paper and Allied Products, except Containers 
24 Paperboard Containers and Boxes 1 
25 Printing and Publishing \ 
26 Chemicals and Selecthfejd Chemical Products 
27 Plastics and Synthetic Materials 
28 Drugs, Cleaning and Toilet Preparations 
29 Paints and Allied Products 
30 Petroleum Refining and Allied Industries^ ! 
31 Rubber anC Miscellaneous Plastic Products 
32 Leather Tanning and Finishing 
33 Footwear and Other Leather Products 
34 Glass and Glass Products 
35 Stone and Clay Products_ 
36 Primary Iron and Steel Manufacturing 
37 Primary Nonferrous Metals Manufactuting 
38 Metal Containers , 
39 Heating, Plumbing and Structural Metal Products \ 
40 iscrew Machine Products and Stampings i_ 

\ 

0. 
0. 
0. 
0. 
0, 

1% 
1^ 
1 
2 
0 

0.0 
0.0 
0. 
0. 
0. 
2. 
0. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0, 
0. 
1. 
0. 
0. 
0. 
0. 
0. 
0, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

(continued on next page) \ 

ISO 



5.14 

Table 5.1 (continued) 

Code 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 

• 70 
71 
72 
73 
74 
•75 
76 
77 
7a 
79 
80 
81 
82 
83 
84 

. 85 

Sector ,'; 

Other Fabricated Metal products 
Engines and Turbines 
Farm and Garden iyiachinery 
Construction and Mining Machinery 
Materials Handling Machinery and Equipment 
Metalworking Machinery and Equipment . 
Special Industry Machinery and Equipment 
General Industrial Machinery and Equipment 
Miscellaneous Machinery, except Electrical 
Electronic Computing Equipment 
Office, Computing, and Accounting machines, except 
lEA #50 ' ... __ 

.Service Industry Machines 
Electric Industrial Equipment and Apparatus 
Household Appliances ^ 
Electric Lighting and Wiring Equipment 
Radio, TV, and Communications Equipment 
Electron Tubes . ' 
Semiconductors and Related Devices 
Electronic Components, nee 
Miscellaneous Electrical Machinery and Supplies 
Motor Vehicles and Equipment 
Aircraft and Parts 
Other Transportation Equipment 
Scientific and Controlling Instruments . 
Optical, Ophthalmical, and Photographic Equipment 
Miscellaneous Manufacturing 
Transportation and Warehousing 
Communications, except Radio and TV 
Radio and TV Broadcasting 
Electric, Gas, Water, and Sanitary Services 
Wholesale Trade 
Retail Trade <. 
Finance 
Insurance 
Real Estate and Rental 
Hotels, Personal and Repair Services except Auto 
Business S,ervices . r , 
Eating and Drinking Places 
Automobile Repair Services ^ 
Anusements ' ' 
Hospitals 
Health Services, excluding Hospitals 
Educational Services 
Nonprofit Organizations 
Government Enterprises 
Total • 

5? 

Source: • [U.S. Department of Labor, 1980a]. 

Percentage 

0.4% 
0.1 
0.1 
0.2 
0.1 
0.3 
0.2 
0.3 
0.2 
0.4 
0.1 

. - • - -

0.3 
0.5 
0.1 

"0.2 
0.7 
0.1 
0.1 
0.2 
0.2 
0.6 
0.6 
0.3 
0.5. 
0.3 
0.5 
2.0 
1.2 
0.3 
0.9 

• '• 7.5 
5.7 
5.5 
6.5 
2.1 
1.2 
15.1 • 
0.5-

• 0.2 
0.8 
5.0 
5.4 
11.6 
7.1 
0.5 

100.0 

« 
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annual rate of 45% until 1983 and falls to''zero by 1985 by 

which time electronic text equipment is replaced by intelligent 

workstations. Under Scenario S3 we project a lower expansion 

in the requirements for electronic text equipment as users 

move more quickly to intelligent workstations.- This scenario 

assumes a 35% annual increase in the aggregate coefficient 
77 

until 1983 and a rapid fall to zero by 1985. Consetjuently b^j 

increases by a factor of 9.3 (45% annual increase) by 1983 under 

Scenario S2 and by a factor of 6.1 (35% annual increase) under 

Scenario S3. We assume no change in the distribution of the 

stock of word'"processl5"rs acrosts "•Qsiuy seccrors-.—̂  - —~ .^ 

Coefficients regulating the future use of conventional 

equipment, in new offices, b^jr depend on several assumptions 

regarding the rate at which conventional machines are made 

obsolete.. By 1985 under Scenario S2 we assume that investment 

in intelligent workstations will reduce the use of conventional 

typewriters (bcj) by 75%, based on estimates of the market 

for typewriters [Electronic Industries^Association, 1982], 

and that the requirements for duplicating -machines will 

fall to zero. Typewriters and duplicating machines' comprised 

38% and 9%, respectively, of the capital goods portion of 

the output of lEA #51 in 1972 "[U.S. Department of Commerce, 

1980b]. We assume that these proportions also reflect the ^ 

approximate share of these machines in the total stock requirement 

for office equipment and thus a 75%. decline in the demand 

for typewriters and a complete phase^out duplicating machines 

reduces bcj to 62% of its 1977 value by 19 85 (Scena'rio S2) . 

Unde.r Scenario S3 we assume that electronic text, equipment. '- . 
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and intelligent workstations'will completely replace conventional 

typewriters by 1985; the coefficient^Cor conventional equipment 

is 53% of its 1977 value. There are no further reductions 

in these coefficients after 1985 under either scenario. 

With respect to modernization in the absence of expansion 

{R matrix), electronic replaces conventional office equipment 

through 1985, and both are replaced by integrated office > 

systems produced by the Computer sector (lEA #50) after 

1985. We estimate the replacement coefficients by first 
c 

calculating the yearly change in the projected stock of 

--clco-t;ror.i--s-—t-Q-jct-.&q.uiprr'.ejnt -nef3'iixe<̂  -tô  produce a 1977 level 

of gross output in each, year from 1977 to 1985 [Frost and 

Sullivan, 1980a; U.S. Department of Labc^b, 1982]'. Since 

these projections are for a constant level of output, 

the yearly increme,nt in this stock cah be interpreted as • . 

total investment for modernization. As a second step,, we 

allocc te this total across sectors based on the percent of., 

secretaries employed in each sector and divide''by the output 

of that sector in 1977. 

• 2. Intermediate Coefficients 

As firms move toward the electronic of fice «^they'will 

also change their demand for certain intermediate inputs. 

They will increase their requirements for network, services 

supplied by the telecommunication sector and are also" likely 

to increase requirements for electricity and reduce purchases 

of paper. Since integrated office systems are only now 

being put in place, -the magnitude of such changes is unclear. ., 
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In this study we assume that intermediate coefficients for 

telecommunications, electricity and paper remain at the 1977 

levels through 2000 forall scenarios. 

.3. Labor Coefficients 

..The magnitude of decline in labor coefficients for a ' 

particular occupation due to OA will**clepend on a varietyx of 

factors. Each occupation encompasses several tasks and changes 

in labor coefficients will depend on the amount of time that 

'a worker spends performing a particular task and the amount 

of automatic equipment appli«,.d to that task. Another considera­

tion is the amount o'̂ 'tTne 'of trce 'worKer*'3'~clure~'irhax~x.-i=riT uo — 

saved in performing a'particular task by the use of automatic 

equipment. " "Listening" typewriters, for example, can save 

100% of the time required to produce a typewritten document • 

while electronic typewriters may save only 50% of typing 

time. Also pertinent is the percent of workers of a particular 
• •a . 

occupation and sector that actually use the new technology in a 

given* year. Finally, an increase in demand for certain office 

activities may partially offset labor savings from new technology. 

Equation (2) shows how labor coefficients can be projected to 

take each of these factors into account: 
. ' t \ t t t- , t 

Ikj = 1 Wf^j tiJf'kj-̂ d-i'fkj) (l-'̂ fkj) (l+Pfkj>Jlkj 

where the variables are defined as follows: 

(2) 

t 
Ikj number of workers of occupation k per unit of output 

of sector j in year t. 

r 
184 



5.18 

t 
^fkj 

t 
Ufkj 

t 
pfkj 

«fkj 

propprtion of time saved by the new technology 
relative to the old technology for workers of 
occupation k in se.ctor j performing task f 
(f=l,...,F), \ 

proportion of workers in occuaption k in sector 
j performing task f irixyear t who are not affected 
by the new technology, \̂  . , 

\ , • • • " 

increase in demand for task fxperformed 
.by workers of occupation* k\per unit of output 
of sector j in year t, \ . ' 

proportion of the time workers of occupation k in 
sector j spent in performing task f\in the'base year, 
just prior to the change, in technology, where 

F ' • • ' 

- Lwfkj = l-
f=l 

l|̂-j number of workers of occupation k per unit of output of 
. sector i in' the base year, just pri-or to the change in 

technology. .' • 

> Equation (2) adjusts a base year coefficient to.reflecc\the 

^ diffusion of a time-saving technology and an increase in demand^for 
t t 

certain labor functions. The expression d-Yfkj ) (̂'''Pf.kj ̂  ̂ kj 

shows the amount of time necessary to?perform a particular task 

with the new equipment. To process 200% more text with a technology 

that saves 80% of the time required wit old fechnolpgy, for 
» • 0 . 

example, requires 60%.of the time that would .have been required 

for the text-processing task with the old technology', (1-. 8 )(l+2) = . 6. 

Clearly an increase in demand for-text processing moderates 

the amount of time saved by the new technology. , - « 

The parameter tUfkj prfeserves the old labor coefficient 

for workers of occupation k in sector 'j who do not work 

with a new technology, that affects task f. If ufkj^'^S, i.e., 

only 25% of the workers of occupation k in sector j use word 

.'processors \n the above example, then the labor required for 
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text processing per unit of output of sector j in year t, as a 

roportion ofi the labor required in the base year, is .75+.25(.6) 

The parameters wfî j wefight ,̂ach task performed by its 

share of, total labor time. If secretaries, for example, 

spend only 20%' of their total labor '•.ime processing, text and 

if office technology affects no other secretarial tasks then, 

continuing the example above, the new labor coefficient for sec­

retaries would be .8(l) + .2( .9) = .98 Iĵ'j . ' 

In the absence of sufficiently detailed information di 

the breakdown of labor tasks we have simplified the parameters 

in Equation (•2). For-most occupations, we distinguish only 

between those tasksf t'hat can be automated and thô se that 

cannot, *and the parameter wĵ j represents the proportion 

of time of workers of̂  occupatton k in sector j spent on 

tasks that can be automated.° The proportion of time saved 

by the e.itcmatic equipment on the average in affected tasks 

is Yi^j, and uĵ j represents the proportion of workers 

not affected by automatic equipment (all in year t).. We 

also assume that Pfkj=0 for all tasks, occupations and 

sectors. Equation (2') incorporates these modifications of 

Equation (2): . •-

=..9. 

t t t t t . t 
Ikj =, twkj(pk.j + (l-Mkj) (1-Ykj) ) + (l-wkj)Jlkj- (̂ •) 

Table 5.2 contains.the labor coefficients for each scenario 

cjs proportions ot the coefficients in 1977, based on Equation (2' 

Since' the lEA occupational clas'sif ication is in some cases more 

) . 

-s> 
aggregated than the detail in which these computations were 

, >& 



5.20 

Table 5.2. Labor Coefficients in 1990 and 2000 
as Proportions of Labor Coefficients in -1977 

Managers (LAB #17) 
all sectors except lEA 

#76, 78, 79, 80 

Sales Workers (LAB #18) 
sectors lEA #72, 78, 79, 
80 ^ 

all other sectors 

— " ' ^ TT • :û -̂ =~\^ •̂ _*— — Tt- •»^f:a4»/^ ^ r ^ / ^ ' 

Secretaries (LAB #19) 

Office Machine Operators 
(LAB #20) ' 

Bank Tellers (LAB #21) 

Telephone Operators (LAB #22) 

Cashiers (LAB #23) 

Other Clerical Workers 
(LAB #24) 

Scenarios S2 

1990 

.99 

.98 

.99 

.85 
1 

.45 

.80 

.88 

-.98 

.88 

2000 

.88 

.96 

.95 

.7?"" 

.15 

.60 

.81 

.95 
J 

.74 

Scenario S3 

1990 

.84 

.94 

.84 

~ 76'5~ 

.28 

.60 

.63 

.93 

.68 

*:: 

2000 

.50 

.89^ 

.75 

— ,45" 

0.00 

.36 

.50 

.85 

.59 

Note: All entries computed with Equation (2') except 
the fourth row (LAB #19) which was computed with 
Equation (2 ) . . 
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^ . 187 



5.21 
•*«9Bfci-

carried out, for certain occupations (LAB #19, 20, 24), the propro-

tions in Table 5.2 are weighted averages of the proportions for 

more detailed occupations. These proportions apply to all lEA 

sectors except where noted, assuming that tasks performed by white-

collar workers in a particular occupation are relatively homo-

geneous-across industries and that new office technology is used 

by the same share of workers in an occupation for all industries. 

The remainder of this section describes the information 

and assumptions that underlie the parameters used to calculate 

the proportions in Table 5.2. The discussion is organized 

by occupation, and the parameters for each of eight occupational 

categories (LAB #17-24) are"summarized in Tables 5.3-10. Where 

possible, parameter values are based on the findings of case 

studies of the direct impact of office technology on particular 

occupations. Future s-tudies will hopefully provide more ^̂  

systematic and~detailed information on these parameters. 

Managers (LAB #17)., » '' ' .' ' " 

The advent of desk top computers and other informatipn ' '' . 
tools linked together by -advanced telecommunication 
networks that provide access to widely diverse sources, 
of data heralds a huge surge in productivity for approx­
imately 10 million managers -in the U.S. [Business Week, - l-983b] 

For office automation to realize its promise, the manu­
facturers must reach beyond the secretary to managers 
and professionals who. account fqi; 80% of white collar . 
salaries. ^ [Uttal,- 1982] 

Desktop computers integrated into networks can save a 

significant amount of time that managers spend processing 

information. With direct access to external and internal 
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data banks, managers can ptepare market studies, forecast 

""̂  competition and develop pricing strategies in a few hours — 

activities that once took several months of work. Moreover, 

keyboard access to electronic files can redupe the amojunt '' 

of time spent looking for information, and graphics software 

enables managers to digest information quickly from computer 

printouts. ^ , • 

In addition to providing managers with local processing "̂  
I . • . • 

power, î ntegrated systems can save time in a variety of commun-
• , ' " ^ . V • ' . • 

ication activities. Electronic mail "can expedite dissemi­

nation of memos within an organization and correspondence 

between firms'^" Systems that record "telephone messages digit­

ally (by computer) and forward them, to others within a company 

can reduce time spent trying to make contact with others. 
. • - ' . • / 

Computerized «s-chedul.ing of meetings avoids the need for 

contacting other managers individually, and teleconferencing 

can eliminate much of the travel time associated with.meetings 

in differen.t locations. • • 

' Beyond the time saved in managerial activities,^ 

ipt' -''ated systems may also eliminate certain ipiddle man-ager 

posicions entirely. According to [Business Week, 1983bl,-
' -^ • ."̂  -

the role of middle managers since World War II has been 
I ' •. ; • o • ; . , , ' -

to collect, anal'yze and interpret information and pass it 

on to executives. "As more top managers s.ee that much of 

the information once gathered by middle managers can be 

obtained faster, less expensively and mor.e thoroughly by 
o •̂  . > 

computers, they^have begun to view many middle managers / 
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as 'redundant.'" Specialized .software programs that-can replace 

certain middle manageijnent tasks include computerized inventory 

control, production scheduling, and allocation planning' for 

limited resources. In addition as integrated office systems 

reduce the number of clerical and other white collar workers, 

fewer managers will be needed to supervise them'. ^ 

The parameters used to project the coefficients to 1990 / 

and 2000 are shown in Table 5.3. The Electronic Industries 

Association estimates that 3% .of all managers and professionals 

used desk top computers in 1982, and International Data. Corporation 

(IDC) estimates that this share will rise to 65% by 1990/ 

[Electronic Industries Association, 1982]. For"Scenario S2 

wj8 assume that 10% of all managers in each industry will use 

/ 
desk top computers or managerial work stations by 1990 {yi7j = .90) , 

\ • • •' ', • 

By 2000 we assume\that this share will be at least 50%. 

\ ' • • • • ' / For Scenario S3 we^use the IDC estimate that 65% of managers 
- " * • ' • 

\ ', • ° ' 

will use work stations by 1990. By -2000, we assume that all 
^ • ' • • • • • ' , / • 

managers use work stations under these scenarios'. / 

The values of the parameter wi7-i, the percent.'of a manager's 
» • \ •• . . 

^ time spent in/tasks^ that can be automate'd, are based on a 

survey of managerial aqa professional productivity by management-

' consul-tants Booz Alleh and Hamilton. They found that middle 

managers on average spend, 52% of total work time at meetings, 

12% creating docum'ents, and 16%: analyzing and ̂ reading. The 

20% of work hours that remain are spent in activities such as 

waiting for meetings, prganizinq_ information, expediting and 

. . ̂^ assigning tasks as well as scheduling, 'searching, for information, 
' ' ' • . ' » • •• • ' , . '" • . .1 • 
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Table 5.3. 

/ 

Parameters that Determine Labor .Coefficients 
for Managers (LAB #17) in 1990 and.2000 

Parameters 

All sector^ except lEA #76, 78 
79, 80 

Proportion of Managers not • 
affected by new technology 
(W17j) 

Proportion of Managers' time 
- spent' in tasks affected by 
I new office technology 
! (wi7j) 

Proportion of Managers' time 
1 saved by new technology 
i' relative to old 
i ,^Y17j) ^ • 

Scenario S2 

1990 

.90 

a 5, 

i. uu 

2000 

.50 

.25 

i. uu 

Scenario S3' 

1990 

,35 

,25 

1.00 

i2000 

0.00 

.50 

1.00 

jSlote: Inserting these parameters in Equation (2') results 
I ., \ in the proportions in the first row of Table (5.2. '' 

filjLng, copying, transcribing and other clerical-type 

activities. The study concludes"that 15% of a manager's • 
I • ' • , •' • • / 

tim4 can be saved by electron.ic office systems over the nbxt 

fiv6 years [Business Week, 1983a]. Based on these findings. 

for 

Work stations can save 100% of their l^bor time (Y=1.G.O) 

\ 

r̂l 

Scenario S2 we assume that by 1990 managers with executive •» 

in the 15% of their labor tasks that aire mainly cler/Lqal . 

(w= , 15). As specialized managerial software is des/igned for 

intcjgrated systems under Scenario S3, we assume th^t 25% of 

all managerial activities may be- fully automated yby 1990, 

and at least this amount will be automated by 2Q'00 even 

undpr Scefiario S2. By 2000 we assume that integrated 
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" • ^ c j p * * 

systems may fully automate 50% of managerial activities 

under Scenario S3, • • 

Changes to the labor coefficients tor managers apply to 
• ' • . , • ' ' . \ 

all s'ectors except Hotels (lEA\#76), Eating and Drinking 
• , — -.. 1 . , 

Places.(lEA #78), Automobile Repair (lEA #79) and Amusements 

(lEA #80). A large share of the managers in these ret^Tj sec-

tors are proprietors or managers of single-manager establish­

ments on whom office technology will have a negligible effect. 
« • • •' . \ fc . -

Sales Workers (LAB #18) . '' ' 

The sales staff in most sector's, seeks out clients, travels, 

provides potential buyers with information, and processfes!' 
/ . ' . • , ••• ' • < • • • ' . . 

paperwork. By contrast, in retail establishments, which •• 
' . , • . / • • / ; • • ••• 

employ over 50% of all sales workers, tble job requires no 

travel, limited sales promotion' and much more time processing 

a greater volume of transactions. Since electronic office 

technology will have a different effect on these two categories 
i , ' ' * • • • •. . 

of sales workers, labor coefficients were projected separately. 
, - • • . ' - * * 

/ 'i' . . . . . . ,• _ •.. ' 

The effects of«automatTon on labor' requirements for sales 

brkers in retail establishments will be similar to that for 

bashiers. While sales persons in re.tail stores generally 

interact with customers more than cashiers, most of their 

time is devoted to processing transactions. Electronic 

technology in retail sales work reduces the tim^.required to -

process transactions and record inventory ^information at • • • / / 
check-out points. Point-of-sales terminals'can i;c(ise 'produc­

tivity of sales clerks/by 10% according .to [Maeda, 1981.]. 

Another study of the impact of automated checkout e.quipment 
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on cashiers notes a similar gain; labor requirements to 

process the same volume of transactions were reduced between 

10% and 15% [U.S. Department of Labor, 1979b]. 

The parameters used to project the coefficients for retail 

sales workers, shown in Table 5.4, are based on these studies 

and other assumptions. Under Scenario S2, we assume that point 

of sales terminals save 10% of the time required to process 

transactions and record inventory information with conventional 

cash registers. For Scenario S3 we assume that this equipment 

may save as much as 15% of this time. ., 

In addition, for Scenario S2 we assume that only 25% of 

sales workers will use point-of-sales terminals by 1990 but 

that this share will rise to 50% by 2000. Under Scenario S3 

we further assume that 50% of all retail sales workers may use 

automated checkout equipment by 1990 and that all sales workers 

may be affected by the year 2000. These are the same parameters 

used below for cashiers, and since retail sales workers have 

other tasks besides processing and recording transactions, 

we assume that unlike cashiers only 75% of a sales worker's 

time is affected by automated equipment. The 25% of a sales 

worker's work time that remains is spent assisting customers 

and keeping siore merchandise in order, activities that will 

be unaffected by electronic technology. 

While electronic technology will affect only the transaction 

processing task of sales workers in retail establishments, 

sales workers in most industries will be affected in a variety 

of ways. Direct access to computerized external data banks 
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Table 5 .4 . Parameters t h a t Deteritiine Labor Coeff ic ients 
for Sales Workers (LAB #18) in 1990 and 2000 

Scenario 82 Scenario S3 

Parameters 1990 2000 1990 200O 

Retail Sectors (lEA #72, 78, 
79, 80) 

Proportion of »Sales Workers 
not affected by new office 
technology 
(P18j) 

Proportion of Sales Worker 
time spent in tasks affected 
by new office' technology 
(wi8j) 

Proportion of time saved by 
new technology relative 
to old 
(Tl8j) 

All Other Sectors 

Proportion of Sales Workers 
not affected by new office 
technology 
(P18j) 

Proportion of Sales Workers 
time spent in tasks affected 
by nevv office technology 
(wi8j) 

Proportion of time saved by 
new technology relative 
to old 
^Yl8j) . . 

.75 

.75 

.10 

.90 

.50 

.20 

50 

,75 

.10 

,50 

,50 

,20 

,50 

,75 

,15 

.35 

.50 

.50 

0.00 

.75 

.15 

0.00 

.50 

.50 

Note: Inserting these parame-ters in Equation (2') results 
in the proportions in rows 2 and 3 of. Table 5.2. 
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•, , , 

from government and private sources will assist sales people 

in identifying markets. Mobile telephones, voice message 

systems and portable terminals will provide ready access to 

cost estimates, product supply, and delivery dates while also 

mini-*izing visits to field offices. Moreover, portable termi­

nals will make it possible to process transactions more quickly. 

Parameter projections for nonretail sales workers are 

shown'in the bottom portion of Table 5.4. Each scenario '[ 

assumes that 50% of a sales worker's time will be affected 

by office automation. This ratio, higher than that for 

managers and lower than that for secretaries, is based on 

the assumption that nonretail sales workers spend at least 

half their work time in face-to-face interaction with cus­

tomers. The amount of time saved by the technology in those 

tasks that' are affected is based on an estimate by vendors, 

that sales persons can reduce selling time by 50% when they' 

use office computer facilities and cofmnunication networks 

[Business Week, 1983a] . We use this estimate for Scenario 

S3 and for Scenario S2 we "assume that office systems will 

save at' least. 20% of the time spent in affected tasks. 

Finally, we assume that the share of nonretail sales workers 

that use automated systems in a given year is the same as 

that reported for managers. 

Secretaries, Typists and Stenographers (LAB #19) 

As a communications intermediary among managers, pro­

fessionals, and others both inside and outside an organization, 
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a secretary performs a variety of tasks that are affected, by 

electronic office technology. At present, office technology 

has had its greatest impact on typing. Studies show that 

approximately 500,000 or 11% of ail secretaries used word 

processing equipment in 1981 [Walsh, 1982]. This equipment 

produces remarkable gains in productivity when it is properly 

selected and used. According' to one study, 

typical individual secretaries ostensibly type 
60,words per minute. -Actually, when all the 
error white-outs and page-length remakes are- figured 
in, they only type .three or four words per minute. 
Typing specialists with automated equipment and 
good supervision can achieve from 15 to 30 words 
per minute, again taking into account all the 
setting up, referencing, and button-pushing. This 
represents a speed-up of from 500 to 1,000 percent. 

[Administrative Management, 1978] 

Several studies show that the time saved by word processing 

equipment can reduce labor requirements up to 50%. One review 

of a large multi-service law firm notes reductions of, 50% in 

the number of typists required per constant dollar of revenue 

[Murphree, 1982]. -Another study cites several cases where 

word processor installations have reduced office staffs by one 

third to one half [Dowing, 1980], In one research organization 

word processing equipment reduced average number of days to 

prepare.a report by 20%, effectively reducing the labor 

requirement by 20% [Karon, 1982]. 

While an increase in demand by firms for processed text 

will offset a decline in labor requirements, this effect will, 

in most cases, be temporary. One study of a word processing 

installation noteS that a common occurrence with word processors 

is that a lot of hidden work appears that has never been 
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done before due to a lack of secretarial support [EDP Analyzer, 

1980]. A properly managed word processing installation, how­

ever, will allow only those increases in typed material that 

add directly or indirectly to the total output of the firm.-

Thus, although employment may not change as word processors 

are installed, labor requirements per unit of output will 

still fall as output tises. 

Although word processing will continue to provide 

significant gains in the productivity of typists, voice input 

technology will completely automate the typing task. Computer 

based interpretation of voice data is an extension of dictation 

-.systems that bypasses the transcription task of secretaries. 

According to researchers at the IBM research center, 

-with a listening typewriter, an author could 
dictate a letter, memo or report. What he or she 
says would be automatically recognized and displayed 
in front of him or her. •• A listening typewriter 
would combine the best features of dictating (rapid 
human output) and the best features of writing 
(visual record/easy editing). No human typist 
would be.required and no delay would occur between 
the time an author creates a letter and when he-
.or she gets it back in typed form. 

[Gould, Cort and Horanyecz, 1982] 

Although several voice data entry products are presently 

available for single-word application such as inventory, 

quality control and credit authorization-, according to 

researchers at IBM, "machine recognition of speech, uttered by 

any person may or may not be achieved early in the next 

century" [Gould, Cort and Horanyecz', 1982]. Listening type­

writers being tested today have a limited ability to discern 

word segmentation in normal spe.ech patterns. When voice. 
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input technology does become available for every day office 

use, virtually all white collar workers will be affected. 

This application, however, is still in the development stage, 

and we make no attempt to incorporate its impacts on labor 

requirements. Rather we consider only the continued diffusion 

of word processing facilities in the form first of stand-alone 

equipment and then of integrated work stations. 

Word processing facilities will have their greatest 

impact on secretaries who type full time, approximately 

22% of the workers in LAB #19 [U.S. Department of Labor, 1981], 

We assume that 100% of a typist's time will be affected by 

word processing that saves 80% of the time required with 

conventional typewriters. This represents a 500% increase 

in productivity, the lower bound on the productivity increase 

of word processing cited above [Administrative Management,~ 

1978]. Furthermore, we project that at least 40% (Scenario 

S2) but as many as 70% (Scenario S3) of all typists will use 

word processing facilities by 1990. These estimates are 

based on the fact that 11% of all secretaries used word 

processing equipment in 1980 [Uttal, 1982] and the expectation 

that the real price of text-editing equipment will continue 

to fall over the 1980's. By 2000 we assume that at least 

70% (Scenario S2) of all typists will have word processing 

facilities, and under Scenario S3 we assume that all typists 

will use them. These parameters are shown under section > 

of Table 5.5. 
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Table 5.5. Parameters that Determine Labor Coefficients 
for Secretaries and Typists in 1990 and 2000 

Parameters 

a. Secretaries 
.Proportion of Secretaries not 

affected by word processing 
Ul,i9a,j) 

Proportion of Secretary time 
spent in tasks affected 
by word processing 
(wi,i9a,j) 

Proportion of time saved by 
word processing relative to 
conventional typing 
(YI,19a,j) 

Proportion of Secretaries 
affected by other office 
technology 
(1^2,19a, j) 

Proportion of Secretary 
time affected by other 
office technology 
(W2,19a,j) 

Proportion of time saved by 
new technology relative to 
old (Y2,19a,j) 

b. Typists 
=Proportion of Typists not 

affected by word processing 
(M19b,j) 

Proportion of Typist time 
spent in tasks affected by 

Proportion of time saved by 
word processing 
(^19b,j) 

Scenario S2 
1990-

.60 

.20 

,80 

.90 

• .45 

.2.5 

.60 

1.00 

.80 

2000 

-

.30 

.20 

.80 

.50 

.45 

.25 

.30 

1.00 

.80 

Scenario S3 
1990 

.30 

.20 

.80 

.35. 

.45 

.75 

3 .30 

1.00 

.80 

2000 

0.00 

.20 

.80 

0.00 

.45 

.75 

0.00 

1.00 

' 
.80 

Note: Taking a weighted average of the two proportions 
defined by inserting the parameters for a into 
Equation (2) and the parameters for b into Equation 
(2') results in the proportions in row 4 of Table 
5.2. As weights we use secretaries and typists 
as a share of LAB #19 in =1978 as reported in [U.S. 

1 Department of Labor, 1981] . 
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Word processing facilities will have mych more moderate 

effects on secretaries who spend only part of their time 

typing. Secretaries not classified as full-time typists 

comprise 76% of all workers in LAB #19 [U.S. Department of -

Labor, 1981], For them, we use the same parameters as for 

full-time typists except for the weight of the typing task 

in total secretary work time. Studies shov; that on average 

secretaries spend approximately 20% of total work time typing 

[Green, 1982; Walsh, 1982]. 

Although word processing will affect only a small share 

of secretaries' work time, integrated office systems will 

affect many other secretarial tasks depending upon the facilities 

available at manager and professional \work stations. At the 

limit, a manager who can access information from an electronic 

file, dictate a memo into a desk top computer, edit it verbally, 

and distribute and file it electronically will require little 

secretarial assistance. For these reasons, we assume that 

if a certain proportion of managers is connected to a network 

in year t, the network will extend to the same proportion of 

secretaries in that year. 

Nonetheless, the share of secretarial time affected by 

office automation will be significantly greater than that of 

managers at least for the near future. Secretaries spend 

approximately 45% of their work time' filing, mailing'', making 

photocopies, delivering messages and waiting for work [Green, 

1982]. Offices with secretarial workstations connected 

'to electronic filing cabinets, electronic mail systems and 
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local printers will save time in all these areas. In each 

scenario we assume that 45% of all secretarial time will be 

affected by- office automation other than electronic text 

processing. .:. 

The proportion of time saved will depend on the share 

of offices and office workers connected to the network. 

As long as some offices or clients are not connected electron­

ically to others, inter-office communication will require that 

secretaries handle paperwork. Even when all offices are 

completely automated, hbwever, these tasks will still consume 

at least some secretarial time. We assume that office systems 

will save at least 25% of»the time spent in affected 'activities 

(Scenario S2) and that this equipment may save as much as 75% 

of this time (Scenario S3). 

Microprocessor based office technology will continue 

to replace full-time stenographers who-now comprise about 

2% of LAB #19 and whose work will be completely automated by 

1990. Stenography has been a declining occupation since the 

1960's when IBM first marketed its magnetic belt dictation 

unit. In addition to desktop and. portable units available 

today, central dictation systems based-on microprocessor, . 

technology serve many us'ers, require fewer dictation units 

and can be accessed over the telephones. One stud^ shows 

that 60-70% of all organizations havt some form of dictation 

equipment but that only one third of all people who originate 

typewritten work today use dictation machines [Frost and Sulli-

•van, 1982]. As offices continue to increase efficiency, util-
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ization of dictation equipment will increase. • Each scenario 

assumes that stenographers are completely replaced by 1990. 

Office Machine Operators (LAB #20) 

Office Machine Operators include clerical workers who 

operate conventional office equipment such as tabulating, 

calculating, bookkeeping, billing, keypunch machines and 

those who operate peripheral computer equipment. Operators 

of conventional equipment represented 66% of all office 

machine operators in 1970; by 1978 this share dropped to 

44%. . An increase in the number of workers who operate 

peripheral computer equipment over the 1970's more than 

compensated for the decline in operators of conventional 

equipment, and the total number of operators grew by over 

30% between 1970 and 1978 [U.S. Department of Labor, 1981]. 

Computer technology will soon eliminate all operators 

of conventional office machines including keypunch operators. 

Small businesses that can now afford computers will replace 

conventional equipment, and .data typists using video display 

terminals will continue to replace keypunch operators over 

the short run. We assume that -the labor coefficient for 

operators of conventional equipment will fall to zero by 

1990 in both scenarios. 

The labor coefficient for operators of peripheral 

equipment such as data typists will fall less dramatically 

over the next two decades. As firms attempt to raise office 

productivity by increasing the amount of information captured 

electronically they will invest in automated equipment such as 
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optical readers (OCR's) and electronic cash registers that 

record., information at the point of transactions. OCR's 

(machines that transfer information into digital bits of 

computer language) can read 75-120 characters per second 

while a fast keyboard operator can achieve at best 7. Until 

now, OCR's have been used mainly to read utility payments 

and charge card slips, and to scan the 80% of first class 

mail that is typewritten [Brody, 1983]. Recent advances 

which have made OCR's much more reliable and reduced the 

cost to approximately 'i?7,000 dollars will accelerate tbê  

replacement of data'typists. 

The labor coefficient for other types of peripheral 

computer operators will also decline in the future. As distri­

buted electronic processing replaces mainframe installations, 

workers who load and change tapes and remove output from high 

speed printers at these facilities will also be displaced. We 

assume that mainframe attendants and data typists can be 

completely eliminated. Under Scenario 82, 20% of these 

workers will be displaced by 1990 and 80% by 2000. Scenario 

S3 accelerates this displacement to 50% by 1990 and 100% by 

2000.. These assumptions are summarized in Table 5.6. 

Bank Tellers (LAB #21) 

A human teller can handle up to 200 transactions 
a day, works 30 hours a week, gets a salary 
anywhere from S8,000 to 20,000 a year plus fringe '' ' 
benefits, gets coffee breaks, a vacation and 
sick time. . . . In contrast, an automated teller can • 
handle 20*00 transactions a day, works 168 hours a 
week, costs about $22,000 a year to run and does not 
take coffee breaks or vacations. [Bennett, 1983] 
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Table 5.6. Parameters that Determine Labor Coefficients 
for Office Machine Operators in 1990 and 2000 

e 

Parameters 

Operators of Peripheral 
Computer Equipment 

Proportion of Operators not . 
affected by new 
office technology 
(U2ba,,j) 

Proportion of Operator time 
spent in tasks 
affected by new 
office technology' 

(W20a,j) 

Proportion of time saved by 
new technology relative to 
old 
("̂ 203,]) 

Scenario S2 

1990^ 

.80 

1.00 

1.00 

2000 

1.00 

1.00 

Scenario S3 

1990 

.50 

1.00 

1.00 

2000 

0.00 .. 

1.00 

1.00 

Note: Inserting these parameters in Equation''(2' ) and mul-' 
tiplying by the share of LAB #20 who operate peri­
pheral computer equipment as reported in [U.S.. 
Department of Labor, 1981.] res,ults in proportions 
in row 5 of Table 5.2.-

Automated transaction machines (ATM's), having achieved 

widespread acceptance by the American public, wiUL have 

significant impacts on the labor recjuirements for human bank 

tellers. According to'a report by economists at che BLS, 

the effectiveness of these machines in reducing waiting 

lines and extending banking hours allowed banks to install 

1900 ATM's by 1980 . [Brand and Duke,.1982]. Moreover, the 
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average number of transactions per month on ATM's grew by 

250% from 1976 to 1980. One bank reports that two ATM's can 

perform the work of three human tellers [Bank Systems and 

Equipment, 1983). According to [Brand and Duke, 1982], 

larger banks can more easily justify the purchase, of ATM's, 

while for many small and medium-sized banks, the relatively 

high fixed costs of equipment are not offset by the' savings 

in labor costs at current volumes of business — a factor 

that tends to retard the diffusion of the devices. 

Future labor coefficients for bank tellers depend on 

several assumptions. Based on discussion with an official in 

the transactions processing department -of Citicorp Bank, *?e 

assume that 80% of the transactions that bank tellers perform 

are routine and can therefore be performed by ATM's. We 

further assume that by 1990 at least half (Scenario S2) 

but perhaps all (Scenario S3) large banks will install ATM's. 

Large banks with assets in e*xcess of S500 million employ 

almost 50% of all bank'employees [Frost and Sullivan, 1980b]. 

If large banks employ the same share of'bank tellers, then 

'' at least 25% (Scenario S2) but as many as 50% (Scenario S3) 

of bank tellers will be affected by 1990. By 2000, at least 

all large banks will install ATM's (Scenario S2) while under 

Scenario S3 all medium sized banks will follow suit. Since 

medium banks, with assets between $50 and 500 million, employ 

31% of all bank employees, we assume that.80% of all bank 

tellers may use ATM's by 2000 (Scenario S3). Table 5.7 

summarizes these assumptions. 
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Table 5.7, Parameters that Determine Labor Coefficients 
for Bank Tellers in 1990 and 2000 

• 

Parameters 

Proportion of Bank Tellers not 
affected by. automation 
(U21,73) — 

Proportion of Bank Teller 
time spent in tasks af­
fected by automation 
(W21,73) 

Proportion of time saved by 
new technology relative 
to old 
(Y21,73) 

Scenario S2 

1990 

".75 

.80 

1.00 

2000 

.50 

.80 

1.00 

Scenario S3. 

1990 

.50 

.80 

1.00 

2000 

°.20 

.80 

1.00 

Note: .Inserting these parameters in Equation (2') results 
in coefficients in row 6 of Table 5.2. 

Telephone Operators (LAB #22) 

Continuous advance in the technology for switching 

telephones and recording information -has steadily reduced 

the number of operators required to support a given number 

of telephones. In 1910, the Bell system employed 100,000 

operators to service seven million telephones. By 1970, the 

system provided services to 98 million telephones with only 

166,000 telephone operators [Scott, 1982]. Several technolog­

ical innovations account for this remarkable gain in productivity. 

The development of cross bar switches in the 1940's increased 

network capacity and i'n part made possible the introduction 
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of direct distance dialing in 1951 that greatly reduced the 

number of operator-assisted calls. More recently computers 

have been used to automate equipment through stored prograra 

control. Electronic switching systems (ESS), for example, use 

stored program control to switch telephone calls. Although EES 

has its greatest impact on installers and maintenance workers, 

it is also changing many of the duties of operators through 

electronic consoles that automate most of the switching and 

billing tasks on operator-assisted long distance calls. In 

1979 almost 75% of all telephones were serviced by these 

consoles which are reported to increase operator efficiency 

by 25% [U.S. Department of Labor, l'"979b] . Other computer 

based applications that will automate certain types of operator 

tasks are computer assembled voice intercept devices and 

systems that automate coin telephones. 

Future labor requirements for operators will depend on 

the rate at which computer applications become available to 

certain types of telephone operators. ' Since the telecommuni­

cation sector is likely to remain a rapid innovator we assume 

that at least 50% (Scenario S2) but as many as 75% (Scenario 

S3) of the operators will be affected by 1990. By 2000 we 

assume that at least 75% (Scenario 82) but perhaps all opera­

tors (Scenario S3) will be affected by new computer software. 

In both scenarios, computer applications are assumed to 

affect 100% of an operator's, tasks. As an estimate of the 

time that computers save in operators' tasks under Scenario 
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S2, we use the 25% efficiency gain of^electronic consoles 

cited by the Department of Labor. Under Scenario S3., we 

assume that this parameter may be as large as 50%. These 

parameters are shov/n in Table 5.8. 

Table 5.8. Parameters that Determine Labor Coefficients' 
for Telephone Operators in 1990 and 2000 

-

Parameters 

Proportion of Operators not 
affected by automation 
.(y22j ) 

Proportion of Operator 
time spent in tasks af­
fected by automation 
(W22j) 

Proportion of time saved by 
new technology relative 
to Old 
(Y22j) 

Scenario S2 

1990 

.50 

1.00 

.25 

2000 

.25 

1.00 

.25 

Scenario S3 

1990 

.25 

1.00 

.50 

2000 

0.00 

1.00 

.50 

Note: Inserting these parameters into Equation (2') re-
sults in proportions in row 7 of Table 5.2. 

Cashiers (lEA #23) 

Cashiers, the third largest clerical occupation after 

secretaries and bookkeepers, accounted for almost one and a 

half million workers or 1.5% of the entire labor force in 

1978. This was almost 50% greater than total employment of 

cashiers in 1970. The majority of cashiers, 62%, are employed 

in Retail TracJe, 18% are employed in Eating and Drinking 

Places, and the remaining cashiers are scattered throughout 
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the economy [U.S. Department of Labor, 1981], 

The diffusion of computerized checkout systems will have 

a significant impact on cashiers. The most common type of 

computerized checkout machines today are. supermarket scanners 

which transmit the universal product code of each purchase 

to a computer that is programmed to record the description 

and price of an item, add the tax, and print oi^ a receipt. 

According to one study of 38 supermarkets in the Washington 

area that installed scanner, equipment, "a fully scanner equipped 

supermarket was found to have a 5% lower labor requirement 

than an unautomated store with the same volume" [Gilchrist 

and Shenkin, 1982]. Another survey cited by the BLS finds 

that "an electronic front end permits a 30% increase in 

operator ringing speed and a possible overall 10 to 15%. 

reduction in.unit labor requirements 'for cashiers and baggers" 

[U.S. Department of.."Labor, 1979b]. 

In addition to supermarket scanners, other forms of 

electronic checkout equipment will save the time of cashiers 

in nonfood retail stores. Point-of-sales terminals that 

read magnetically encoded vendor market merchandise tickets 

save data entry tine of cashiers in large department, apparel 

and discount stores.. Moreover, electronic cash registers 

that perform credit-card authorization tasks further reduce-

the unit labor requirement for.cashiers. 

We assume that 100% of a cashier's work time will be 

affected by automated checkout equipment. Based on the* 

study cited by BLS, we further assume that automated equipment 

saves 10% of the checkout time required for a given volume of 
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transactions under Scenario S2 and for Scenario S3 that this 

equipment may save 15% of a cashier's time. Since all large 

food stores are expected to install scanner equipment by 

1990 [Gilchrist and and Shenkin, 1979] and-large supermarkets 

employ about 10% of all cashiers in the Retail Trade sector 

[U.S. Department of Commerce, 1980a], we estimate that at 
'• , - I 

I-

least 25% of all cashiers (Scenario S2) will use automated 

equipment by 1990 assuming full automation of large supermar­

kets and department stores. By 2000 we.expect that at least 

50% of cashiers will use automated equipment. For Scenario 

S3 we assume that at least 50% of all cashiers will use auto-

mated equipment by 1.990 and that all check-out stations will 

be electronic bv 2000. Tabe 5.9 summarizes these assumptions. 

Table 5.9. Parameters that .Determine Labor Coefficients 
for Cashiers in 1990 and 2000 

<* 

Parameters 

Proportion of Cash'iers not. 
affected by new technology 
(V23j) 

Proportion of Cashier time 
spent in tasks affected 
by new technology 
(W23j) 

Proportion of time saved by 
new technology relative 
to old 
(Y23j) 

Scenario S2 

1990 

.75 

1.00 

.10 

2000 

.50 

1.00 

: .10 

Scenario S3 

1990 

.50 

1.00. 

.15 

2000 

0.00 

1.00 

.15 

Note: Inserting thesSe parameters into Equation (2.*) re­
sults in proportions in'row 8 of Table 5.2. 

210 



5.44 

Other Clerical Workers (lEA #24) 

The remaining 50% of clerical workers not discussed above 

are classified in a variety of clerical occupations that can 

be divided into tv/o groups based on the potential effects of 

office automation. 

Clerical'workers who manipulate data and have little or 

no interaction with the public will continue to feel a greater 

impact than any other group of white collar workers. Although 

mainframe computers have been able to perform the tasks of 

back-office clerical workers, such as bookkeepers, file, billing, 

payroll, and statistical clerks since .the 1960's, computer 

technology could not affect the multitude of clerical workers 

in small offices until recently. Small business computers 

and electronic cash registers that perform a variety of'book-

keepirig and inventory functions will reduce the need for these 

workers. Moreover, as electronic processing becomes more widely-

distributed, clerical workers in remote locations can also be 

affected. New microprocessor based-time clocks, for example, 

calculate overtime hours and vacation days accrued and perform 

a variety of other data manipulations previously performed by 

payroll clerks. The latest models of these machines interface 

with computers that process paychecks, eliminating the need 

for payroll clerks [High Technology, 1983]°. As another example, 

office purchasing systems that automate the control of office 

supplies can reduce the need for stockroom labor. At one 

company a purchasing system permits one person in the stock 
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room to' handle the needs of 400 offices in. 2-4 hours a week 

rather than the 60 hours it previously took 1 1/2 persons 

[Administrative Manaqergent > 1981]. In short, any function 

previously performed by clerical workers in this group can be 

performed faster and more efficiently by some microprocessor— 

based office machine that gets cheaper every year. It is safe 

to say that these clerical occupations will soon be completely 

automated. we assume in Scenario S2 that at least 25% of these 

clerical jobs will be automated by 1990 and 50% by 2000. Under 

Scenario S3 we assume that the jobs -of 65% of these clerical 

workers could be fully automated by 1990 and by 2000 automation 

may affect 100% of the clerical workers in this group. 

The'majority of other clerical workers, however, perform 

activities that are more difficult to automate since they 
* 

require interaction with the public; these include bill collec­

tors, counter clerks,.dispatchers, interviewers, real estate 

appraisers-, and receptionists. Although most of . these jobs 

will not be eliminated, computer technology will save time in 

carrying out certain clerical tasks by providing faster 

access to information. • •= 

Under both scenarios, we assume that office systems by 

1990 will save 50% of the labor time in 25%.of the job tasks of 

clerical workers who interact with the public. By 2000 we assume 

that office systems will save time in half these activities. The 

share of these clerical workers affected by office technology 

in any year is the same as th^t for clerical workers who 

manipulate data. Table 5.10 summarizes these assumptions. 
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Table 5.10. Parameters'that Determine Labor. Coefficients 
for Other ,Clerical Workers in 1990 and 2000 

Parameters 

a. Clerical Workers Who 
Manipulate Data 

Proportion of Clerical Workers 
affected by automation 
(lJ24a,j) 

, Proportion of Clerical Worker 
time spent in tasks 
affected by automation 
(W24a,j) 

Proportion of time saved by 
new technology relative to 
old 
(V24a,j) 

b. Clerical Workers who 
Interface with Public 

Proportion of Clerical Workers 
affected by automation 
(W24b,j) 

Proportion of Clerical 
time spent in tasks 
affected by automation 
(W24b,j) 

Proportion of time saved by 
new technology relative 
to old 

(Y24b,j) 

Scenario S2 

"1990 

" 

.75 

1.00 

1,00 

.75 

.25 

.SO-' 

2000 

.50-

1.00 .. 

1.00 • 

.50 

.50 

.50 

Scenario S3 

1990 

.35 

1.00 

1.00 

.35 • 

9 

.25 

• .50 

2000 

0.00 

1.00 

1.00 

0.00 

.50 

.50 

Note: Taking a weighted average of the two proportions de­
fined by inserting the parameters for a and b into 
Equation (2) results in the proportions in row 9 of 
Table 5.2. As weights we use Clerical Workers in a 
and bas.a share of LAB #24 in 19.78 as reported in 
[U.S. Department of Labor, 1981]. 
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Chapter 6. Education 

A. Introduction 

The progressive automation of both the production and 

consumption of goods ^nd services in our-economy is placing 

new demands on our educational system. The increasing use of 

computers and related devices in office work and manufacturing 

requires an increasingly technologically literate workforce. 

Certain industries, like the computer industry itself, are 

dependent on creative innovations in fields where knowledge 

changes rapidly. For this reason, continuing education is 

required by many professionals to remain current and productive 

in their disciplines and in some cases for renewal of their 

licenses. Conventional education is also affected, and 

in a school system which must adapt to the new reqiairements 

teachers will need additional training. Personal computer 

manufacturers already provide simple educational packages in 

response to household demand which can be expected to grow 

considerably in the future to supplement traditional forms 

of education and to- provide formal or informal job training 

or recreation. 

It has traditionally been assumed that education is for. 

the young, work is for early .and mid-adulthood, and old age 

is the time for neither. While the location, the hours of 

instruction and the structure of educational programs reflect 

this assumption, increasing numbers of students and potential 

students do not fit that pattern. Another attribute of 

conventional education is its method of instruction, typically 
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a one-way flow of information from teacheV to student in a 

classroom. Two relatively new forms of education base'd on 

presently available- technologies. Computer-based Instruction 

(CBI) and Instructional Television (ITV), provide electronic 

courseware', which is well-suited to both the lifelong learning • 

concept and the development of new; ways of learning.c • 

* 

The purpose of this chapter is to describe, quantita­

tively aS' well as qualitatively how economy-wide technological 

change may affect education.' We examine both conventional 

education and new technologies and describe ways in which our 

educational system may be transformed by the use of electronic 

courseware. Electronic courseware is discussed "in Section B, 

and the input structures for conventional education and electronic 

courseware are described in Section C. The new forms.of 

education will be used by three majpr groups ~ industry, 

conventional education, and households— and section D 

describes three alternative, scenarios about the use of elec^ 

tronic courseware up to the year 2000. 

One function of education is training, which can be 

expected to help make possible the future reductions in labor 

coefficients assumed in other chapters of this- report. The -v-

formulation of scenarios describing education'and training 

for workers other than professionals.— especially clerical 

and production workers— and the use of electronic courseware 

(and computers generally) in the home are areas requiring 

further study. , 
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B. . The Technology of Education ^ 

Our present educational system has been experiencing an 

increased dropout rate and declining average daily attendance, 

increased numbers of students performing below grade level, 

and declining scores on various tests.. Seventy-five percent 

of firms in one survey provided their employees with internal 

training programs in basic skills which were apparently not 

learned in school. AT&T, for example, spends $6 million 

annually to train about 14,0(J0 employees in basic reading 

and math skills [Center for Public Resources, 1982]. Another 

survey found that 35% of corporations had provided some high 

/school level training for their employees, and the skill 

' levels of ,those not hired may be even lower. 

, .•:.̂  It has been argued that education is a mature industry 

and further investment in existing educational technologies 

will not significantly improve its quality or allevia.te its 

problems. Indeed, as the society undergoes basic changes, 

education will also have to change in order to continue to 

provide the training necessary for its members to function 

productively in society. 

Conventional educational technology utilized chalk and 

blackboard, books, maps and wall charts; the media were print 

and speech. Technological change in education'has expanded 

the tools used for learning from mostly written, teacher-

mediated and controlled techniques to include the use of 

video presentation and computers with the potential for 

fostering a more active participation by the student. 

21a 



6.4 

The most dramatic developments in education are .occurring in 

interactive technologies, mainly computer-based instruction, 

where the learner determines the speed and sequence of the 

program', and video-based instruction which can free the 

student from the time- and place constraints of conventional 

education. While these forms of electronic courseware affect 

both the content and the delivery of education, this study 

concentrates on their impacts on educational delivery. 

Computer-based Instruction (CBI) requires both software 

and hardware which consist of the computer itself, access 

terminals, and either a television or a teleprinter with a 

keyset. Early systems required a large computer, either on 

the premises or through telecommunication links. The smaller, 

inexpensive, independent microcomputers which have recently 

become available are already estimated to outnumber terminals 

attached to large computers by 3 to 2 in educational appli­

cations [U.S. Department of Education, 1982]. The software 

consists of a computer language for interaction and the 

courseware itself (pre-packaged lessons). 

First developed in the 1950's to train computer indtistry 

personnelii CBI entered schools on an experimental basis in 

the 1960's. Programmed Logic for Automated Teaching Operations 

(PLATO) was the first major system, developed in the 1960's 

at the University of Illinois with support from Control Data 

Corporation and the National Science Foundation. Microcomputers, 

actively marketed on a national level only since 1978, have 

given new impetus to the use of computers in schools 
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by making significant computational capability and flexibility 

accessible at an affordable price. 

More schools, however, use computers for records, bookkeep-

ing and other administrative tasks than for educational purposes, 

In the 18 months between fall 1980 and spring 1982, personal 

computers for educational purposes in schools increased from 

31,000 to 96,000 (over 100% annually), while all computer 

terminals grew about 14% during the same period [Melmed, 

1982bl. Computers in schools are expected to reach 980,000 

by 1986 [Geller, 1983] , growing at an annual- rate between 

1982 and 1986 of 46%. About 35% of all public schools now 

make at least one computer terminal or microcomputer available 

to students, the majority in secondary schools. In 1981-82 

$28.5 million was spent on educational software, estimated 

to grow to $120' million in 1985. 

Despite the breakthrough in hardware, results to date 

in schools using CBI have been mixed, due to inadequate 

teacher training and low quality courseware.' Programs have 

typically emphasized the choice and financing of hardware, 

with software and teacher training viewed as secondary. 

Computers were introduced into some French secondary 

schools in an experimental program from 1970-1976 [Hebenstreit, 

1980]. Over this period, six hundred teachers received 

full-time training at the end of which each teacher 

developed a courseware package. (Science and mathematics 

teachers were deliberately kept in the minority). An additional 

5,000 teachers were trained in applications of computers'in 
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the classroom, with specialized workshops and conferences. 

More than 500 high quality courseware packages were written, 

and over 7'>000 copies of these packages are now in use. The' 

program is considered to be very successful, and its success 

is attributed to the identification of the- crucial role* of 

the teachers. Of the total budget, 70% went to teacher train­

ing and release-time; only 30% was spent on hardware. The 

underlying assumption of that French program was that better 

quality courseware could be developed by teachers given some 

computer training than by computer specialists with some help 

from teachers. 

In the U.S. most observers assume that the schools will 

buy courseware from private firms analogous to textbook 

companies [Melmed, 1982b]. The high cost and limited quality of 

available software, due in part to the fact that the courseware 

is written mainly by computer specialists and not teachers, 

keeps the demand from growing rapidly, thus dampening the 

incentive of the private sector to commit additional resources. 

As the.industry matures such difficulties will be overcome, 

but a major initiative on the part of schools will be required 

before a large market for software can develop. While the 

general orientation is toward the purchase of courseware, a 

la-rge number of schools dp create their own. One recent study 

fo.und that 20% used locally produced software and 55% used a 

combination [Harvard University Graduate School of Education, 

1982]. In addition, two major computer companies, Tandy and-

IBM,, recently proposed extensive teacher training programs. 
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The use of computers in education has been classified 

into three categories — tool, tutor and tutee [Taylor, 

1981]. The computer as tool functions merely as a powerful 

calculator. As tutor, CBI can be used in drill and practice, 

essentially-a reproduction on the computer-of^exercise workbooks 

presently used in schools. Simulation is a more sophisticated 

version stressing applications of what has been learned. 

This mode provides more personal attention for the individual 

student but is essentially an extension of conventional 

learning procedures.- The computer must be programmed by 

experts and provided with expensive courseware. 

In the tutee mode, students teach the computer and in 

the process they learn about the subject, the computer, and 

how they themselves think. The need for expensive courseware 

is presumably reduced since students learn to program the 

computer themselves; education becomes the use and understanding 

of information, not memorization of facts. An example of 

this mode is the Logo system developed by Seymour Pappert 

and his colleagues. The computer as tutee is still viewed 

as experimental and requires an exceptional teacher but is 

bound to become increasingly important. 

Currently the most extensively used form of CBI is 

computer assisted instruction (CAI) which falls under the 

tutor mode. Schools now consider computer literacy the top 

prio,rity of CBI, followed by presenting a challenge to high 

achievers and enriching the learning experience [U.S. Depart­

ment of Education, 1982]. Fewer than half report using CBI 
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for remedial purposes or drill and practice, although drill 

and practice does dominate in elementary sphools, the level 

with t;.e least computer use [Instructor, 1982]. 

Video-based instruction, mainly Instructional Television 

(ITV), is the other major component of electronic courseware. 

An early example is Sunrise Semester, an ambitious general 

adult education program which began in the late 1950's and 

recently ended broadcast due to low station membership. 

The Appalachian Community Service Network broadcasts 

more than 64 hours a week with over 1.1 million subscribers, 

providing both 1-way and 2-way education.and teleconferencing 

service. The University of Idaho Video Outreach Program 

expects household viewers to reach 41,000 by 1990, about 5% 

of the state's population [Grayson and Biedenbach, 1982], and 

the University of Pennsylvania recently announced plans to 

initiate a similar program. These programs respond to a 

specific need of industry, professionals or the local community, 

define relatively narrow goals, and emphasize the quality of 

the product. The prime target for educational programs has 

been graduate level education for scientists, engineers and 

managers, as a part of formal on-the-job training programs. 

Video-based instruction degree programs in the scientific 

and management disciplines began on a local basis in the 

late 1960's. Typically the instructor presents the material 

to a regular, on-campus class but in a modified classroom 

which allows simultaneous live broadcast with or without •• 

talkback or taping for cassettes. Those viewing the class 
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by television may be tutored by a special assistant on the 

job, a senior engineer at the firm, or through periodic 

visits by the instructor. 

What originated as a response to professional and industry 

needs by individual universities such as MIT, Stanford and 

Colorado State is evolving into a consortium of universities 

organized on a profession-wide basis. One such effort is 

the Association for Media-Based Continuing Education for 

Engineers (AMCEE) whose 22 member universities have contributed 

450 courses on cassettes and account for over 85% of all off-

campus ITV in engineering. Of about one million working 

engineers in 1980, 44,000 or 4.4% were enrolled in.graduate 

degree programs via ITV at their places of work [Baldwin and 

Down, 1981]. The majority were under 35 with only a B.S. 

degree, indicating a new educational trend among younger workers, 

The education system is very decentralized, almost a 

cottage industry, resistant to change on a- large scale. In 

the early days, computerized instruction was often motivated 

by a desire.to increase productivity in education; automating 

education was supposed to be cost-effective [Baldwin and 

Down, 1981]. At this point the cost of producing a video 

cassette of a class is pach less than the cost of good quality 

CBI courseware and, more important, CBI has not yet been 

successfully integrated into the overall educational experience. 

As acceptance grows and production techno'logy matures, 

CBI will come into much wider use; however, -it will never 

completely replace ITV. Video presentation will "have an 
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important role whenever talkback participation, dramatization, 

and demonstrations are required. To teach scientists new 

experimental techniques a demonstration is necessary, and 

the training of health workers often relies on techniques or 

documentation of subjects which requires the use of video. 

The American Bar Association found video indispensable for 

certain kinds of, training and-'established the Consortium for 

Professional Education in 1975, to teach such things as 

courtroom techniques and jury selection, which require drama-

tization [Grayson and Biedenbach, 1982]. The video presentation 

is also an important way" for more people to experience par­

ticularly charismatic teachers. \ 

As the industry develops, there will be much greater use 

of combined video and computer-based learning, particularly 

video disc technology which combines the student-paced, 

interactive learning of CBI with the visual presentation of 

graphics or documentation necessary for many subjects. The 

visual presentation may also enliven educational packages, ^ 

making the ̂ subject more interesting and tangible to the 

student and improving both, the quality and the range of 

subjects suitable for CBI. 

It may become increasingly difficult for the technologically 

illiterate or unsophisticated to function in the'future. 

Both the kind of jobs available and.the scope of social life 

in which they can participate will be severely restricted. 

Legislation is before Congress now to provide tax credits for 

computer purchases to households and schools, and a national 
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policy about computer literacy and public education will need 

to be formulated. 

C. The Production of Education, 1963-2000 

Four separate educational sectors have been represented 

for this study: public and private conventional education 

(lEA #89, 83) and two sectors producing electronic courseware 

(lEA #87, 88); The corresponding input structures are des­

cribed in this section. 

1. Conventional Education . 

Conventional 10 tables treat public and private education 

differently although they deliver roughly the same output with 

similar input structures. Private educatj.on is a producing 

sector within the technical matrices and delivers its output 

t,o actual users, mainly households. Public education is 

represented as part of government final demand. This treat­

ment is the outcome of early debates about the appropriate 

representation of nonmarket activities in the national 

accounting framework [Gilbert, et.al., 1948],^ 

We have moved public education inside the matrices as a 

separate education sector (lEA #89)'. To accomplish this for 

the years 1963-1977 required distin'guishing capital investment 

from allocation to current inputs because capital purchases 

for public education,^ as part of government final demand, 

were combined with current account. Capital purchases for 

past years were estimated based on the purchases of private 

education (from the CFT's), and the remaining flows were 
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divided by total output (discussed below) and moved into the 

ft matrix. Columns for other matrices were assumed to be the 

same as for private education. The entire output of the, 

sector is absorbed by households. 

The other change from the official data regards the 

measure of educational dutput. Education has no physical 

product identifiable as its output (like other "service" 

sectors), and in the official accounts the value of its ' 

output is defined as the sum of its input costs. The official 

price deflator, in turn, is based on the changing cost of 

labor inputs. These conventions produce rather arbitrary 

measures of change in real output. 

Since the principal activity of schools is.to educate 

students, we redefined the measure of one unit, of educational, 

output as a student-year of education; total enrollment was 

weighted to reflect the costs of educating students at different 

levels in terms, of equivalent primary school' students. (In 

the future, the BEA will disaggregate education by level in 

the 10 tables.) 

The Department of Education estimates that the cost per 

secondary school student is 50% higher than the cost per 

primary school student, so the former receives a weight of 

1.5. While higher education costs per student can vary 

considerably-, they have been on the average about 2."5 times 

the cost per primary school student. We have, used this 

weight with two part-time students considered equivalent to 

one full-time student. Table 6.1 shows numbers of students 
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Table 6.1. Output of Education (lEA #83, 89),~ 1963-2000 
(thousands of students) 

Year 

1963 
1967 
1972 
1980 
198b 
-1990 
|ooo 

Elementary 

- 34,504 
36,752 
34,953 
31,619 
31,500 
35,000 
37,200 

^Equivalent in 

Secondary 

12,120 
13,790 
15,377 
15,300 
13,700 
12,100 
14,900 

Higher 
Education 

4,234 
6,401 
9,215 
11,600 
11,350 
11,100 
ll,100b 

Total 

51,908 
56,943 
59,545 
58,519 
56,550 
58,200 
63,200 ' 

Aj justed 
Totaia 

61,667 
70,912 
78,506 
76,679 
75,479 
76,030 
82,036 

Adjusted Total 
Public Education^ 

49,345 
57,503 
64,016 
64,501 
63,263 
63,576 
69,018 

Adjusted Total • 
Private Education^ 

terms of primary school student-years. See explanation in text. 
t)̂ g,[vjat:ional Center for Education Statistics does not have an estimate for higher 

educatiori in 2000, but expects enrollment to increase in the mid-1990's the 18-25 year 
old group-increases . Itie 1990 estimate is a lower limit for 2000. 

Sources: [Frankel, 1981; Frankel and Gerald, 1982, Ckrant and Eiden, 1980) 

12,322 
13,409 
14,490 
12,178 
12,216 
12,454 
13,018 

i3 
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enrolled and their equivalent in terras of primary school 
: ( . • • . * . . . 

student-years.- A change of unit (from dollars' worth to -

students) was performed for the public and private educational 

sectors in the technical matrices for 1963-1977. For future 

years, the totals shown in Table 6.1 were interpreted as 

projected demand. 

For 1963-1977 the input structures for the public and 

private education sectors used in the lEA model are as given 

in the official data, adjusted in the ways described above. 

For future years this structure is maintained with additional 

purchases of electronic courseware, to be described in the 

following section, resulting in increased cost per student. 

Over the period covered by the historical data, per 

•student real costs have been increasing for labor, inter- "̂  

mediate and capital inputs. While the public sector dominates 

eduction, with 88% of total enrollment arid expenditures in 

1972 of 564 billion compared to $12 in the private sector, 

the trends in cost per student have been similar for public 

and private education. 

There is, however, a persistent gap between the level 

of public and private costs, the latter usually higher. For 

all levels the trend has been toward'" Increasing .enrollment 

per public school, especially in higher education, while in 

private schools theaverage number of sjiudents increased 

slowly if at all [Grant and Eiden, 1980]. The difference in' 

higher education enrollment also contributes to the cost 

gap: higher education accounted for 30% of total private 
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enrollment by 1972 with only a quarter as many students per 

school. 

One factor contributing to,the overall increase in costs 

is the changing product mix. Between 1963 and 1972, the 

share of secondary school students remained fairly constant 

for both public and private schooling but elementary school" 

enrollment declined from 69% to 60% in pubic education and 

from 64% to 51% in private while higher education's share 

has risen from 6% to 13% and from 20% to 30% in public and 

private schools, respectively. 

Labor cost is the single largest input to education, and 

its share of total expenditures has risen since 1963 in the 

private sector and declined somewhat in the public sector. 

Most import'ant intermediate inputs are the same for both 

public and private education: Business Services, Eating and 

Drinking Places, Utilities, Transportation and Warehousing, 

and Maintenance and Repair. The four major manufactured 

inputs are Printing and Publishing, Paper and Allied Products, 

Miscellaneous Manufactures (mainly athletic goods, pens, 

pencils, art supplies and marking devices), Chemicals and 

Drugs, and Petroleum and Plastic Products (.in which the main 

entries are cleaning supplies, paints, motor vehicle lubricants 

and gas). Real Estate is a large intermediate input. 

2. Electronic Courseware 

Some CBI courseware is currently produced by independent 

firms, including producers of personal computers, and some 

is produced by individual users of computers. Much of the 
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existing- electronic courseware consists of ITV tapes and 

broadcasts of regulâ r classes, generally produced* in affil-

iation with institutions of higher education. 

Electronic courseware was not combined with the two , 

existing education sectors because both the input structures 

and outputs differ and may be "consumed" independently. 

Instead the lEA sectoral classification is expanded to include 

CBI (lEA #87) and ITV (#88), bringing the total numb,er of 

education sectors to four. Following the literature; we measure 

CBI output in 1-hour packages and ITV .output in thirty-hour 

courses. ^ • . • 

The data presented in this chapter are based .on stud̂ ies 

of ITV which provide a detailed input structure in. physical 

units and-costs [Morris, 1974]. Courses may be taped or 

broadcast live and an average of the two was assumed. The 

SURGE program at Colorado State^ University, provided the 

taped course input structure and Stanford's Instructional 

Television, the live l?roadcast. Table 6.2 shows the technical 

coefficients for ITV at the present time. This input structure 

is assumed to remain unchanged through the year 2000. (Costs 

are measured on a per viewer basis, and ITV output represents . 

the total number, of viewers taking a 30-hour course without 

regard to how many distinct courses are viewed.) 

<i^ 

232 



6.17 

Table 6.2. Input Coefficients For ITV (lEA 
2000 (1979 dollars of input per 

#87), 1980 to . 
30 hour course) 

Code 

22 
23 
25 
51 
53 
55 
56 
57 
59 
64 

-65 

67 
68 

77 
85 

Code 

17 
16 

19 
25-28 
52 
14 

\i 

Sector 

Other Furniture and Fixtures 
Paper and Allied Products 
Printing and Publishing 
Office Equipment 
Electric Industrial Equipment 
Electric Lighting and Wiring 
Radio and TV Equipment 
Electron Tubes 
Electronic Components, nee. 
Scientific and Controlling 

Instruments 
f\r\ i^ i /̂ -O 1 /-\rN-V\-J» V\ S—l..m 1 /^ s r̂  /^ ^ 

upcicaj./ opncnaxuiic ana 
Photographic Equipment 

Transportation and Warehousing 
Communications, except Radio 

and TV 
Business Services 
Government Enterprises 

' 

Occupation 

Managers, Officials, Proprietors 

Interindustry 
Coefficients 

0.1777 
' 3.3327 

1.5506 
0.1454 
0.1858 
3.3677 
0.9852 
0.1131 
0.1454 
0.0727 

0.0242-
8.3425 
1.6152 

15.5060 
1.5506 

/ 

Capital 
Coefficients 

• 3.3515 

2.4309 
6.7192 

18.7606 
2.1805 
2.6893 
1.4133 

0.4684 

^-w«-<M 

_-«^« 

Labor 
Coef f icien.t:s 
(workers per 

30-hour course) 

Other Professional and Technical Workers 
(TV Technicians and Engineers) 
Stenographers, Typists, Secretai ries 
Maintenance and Construction Workers 
Laborers 
Teachers 

.0003 

.0011 
-.0007 
.0006 
.0014 
.0014 

. 

• 
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CBI output represents the tota-l number of one-hour courses 

developed, independent of the number of copies or individual users, 

The school system is the major user of CBI," and it is assumed that 

it makes its own additional copies as copies as required. 

A one-hour CBI package is estimated to cost $30,000 in 

1980 dollars for direct technical inputs, mostly, the labor 

of teachers and computer programmers. An additional $90,000 

per package is required for overhead including support services, 

management, -marketing and profit, which we represent as a 

purchase from Business Services, lEA #77. Under Scenario S3 

which assumes a greatly expanded market, overhead per unit of 

output can be expected to fall. (See Section D below for the 

description of Scenarios S3'.) The rest of the input structure 

is assumed to remain unchanged. Technical coefficients for 

CBI are shown in Table 6.3. 

D. The Use of ITV and CBI: 1980, 1990, and 2000 

1. Industry Use of Electronic Courseware 

Certain producing sectors of the economy have made formal, 

on the job training an integral part of their research.and 

development efforts. We expect to see the gre.atest future 

use of Electronic courseware in the following sectors: 

Electronic Computing and Related Equipment 
Communications. 
Radio, TV and Communications Equipment 
Aircraft and Parts 
Scientific and Controlling Instruments 
Chemicals (Biogenetics) 
Business Services: (Business Management, Computer 

Programming, and Commercial Research and Development) 
Finance 
Insurance 
Health 
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Table 6.3. Input Coefficients for CBI (lEA #88). 
under Scenarios S2, S3, and S3' in 2000 

^ (1979 dollars of input per 1 hour course) 

It terindustry 
Coefficients-

Code Sector 

23 Paper and Allied 
Products 

77 Business Services 

Scenario • 
S2 

$ 200 
90,000 

S3 

$ 200 
30,000 . 

S3' 

$ 200 
90,000 

Capital Coefficients 

Code Sector 

50 Electronic Computing 
Equipment 

56 Radio, TV and Commu­
nications Equipment 

8,000 

800 

''x 

8,000 

800 

8,000 

800 

Labor Coefficient's 

Code Occupation 

6 Computer Programmers 
14 Teachers 

(w6rkers\per 1-hour 

0. 5 
0.5 

course) 

\ 

0.5 
0.5 

0.5 
0.5 

. . Scientists and engineers in industry will pursue "continuing 

education" both because knowledge is changing rapidly in their-

specialities and because the number who complete a graduate 

education is declining — presumably because high starting 

salaries are offered to those with a B.S. while support for 

graduate study is low. In addition, many professors are leaving 

•the universities for higher-paying jobs in industry, reducing 

the capacity for producing scientists and engineers in the . 

future. 
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Surveys indicate that time is the most serious obstacle ' 

to continuing education"while working, particularly travel time 

and the inflexibility of class scheduling [Grayson and Bieden-

bach, 1982]. Electronic courseware offers a solution to these 

interrelated problems since it can be administered in the work­

place, alleviating the scheduling constraints and making 

specialized classes and a small number of outstanding.educators 

available to many people. Assignments can be done with the 

company's laboratory equipment and computers which are often 

more up-to-date than that found on campus. Mainly ITV, and 

very little CBI, has been used in this type of technical 

training, and our scenarios assume that this trend will continue. 

• In 1980,. 4.4% of working engineers participated in degree 

programs via ITV, taking a minimum of one course per year. We 

assume that a similar rate (0.04 ITV courses per employee) •, 

applies to scientists. (This does not include additional 

courses beyond the minimum degree requirements or any courses 

viewed in nondegree training programs.) 

To determine the., use of ITV by scientists and engineers 

in specific sectors, we made use of the- percentages of those 

personnel* receiving all types of formal on-the-job training, 

according to a study prepared for the Office of Technology 

Assessment [Cooke, 1-982]. These are shown in Table 6.4. 

The industry-wide average shown in this table is 18%, about 

four times that for ITV alone (4.4%), so we assume that use of 

ITV in 1980 is one-quarter of the rates shown in Table 6.4. 

ITV is expected to experience rapid growth, and the percentages 
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reported in Table 6.4 for 1972-73 for all formal training are 

assumed under Scenario S2 to hold for ITV alone by the year 

2000. Each user of ITV is assumed -to take one 30-hour course 

per year. 

Table 6.4 also shows other sectors, not included in the 

OTA study, which are expected to use ITV for formal training 

of scientists and engineers in the future: the reported rates 

were based on other sectors. 

Table 6.4. Scientists and Engineers Receiving Formal 
On-the-Job Training in 1972-73 

(percentages) 

Industry 

Ordnance and Accessories > 31.2%3^ 
Chemicals and Selected Chemical Products 22.2 
Fabricated Metal Products ' 15, 
Machinery except Electrical 18, 
electronic Computers & Office Machinery 46. 
Electrical Machinery 30. 
Electronic Apparatus 28. 
Aircraft and Parts 25, 
Motor Vehicles and Equipment 31. 

Industry-wide Average ', 18.0 

Communications 34.8%'^ 
Instruments 30.4 
Business Services 

Commerical R & D 15.2 
Business Management 15.2 
Computer Programming 15.2, 

j^ This group of sectors from [Cooke, 1982]. 
\^ Following-sectors are lEA estimates. 
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Industrial use of ITV courses in 2000 is quantified 

for alternative scenarios in Tables 6.5 and 6.6, The numbers 

reported for Scenario'S2 in Table 6.5 are taken directly from 

Table 6.4 with the exception of Business Services. The sub-

sectors of Business Services indentified -in Table 6..4 are assumed 

to account for about half the scientists and engineers employed 

in the sector as a whole, -yielding the coefficient of .076 

30-hour ITV courses shown for that sector in Table 6.5. 

Under Scenario S3, employees in the dominant engineering 

or scientific occupation in a given industry can be expected 

to receive one unit of ITV in addition to usage by other 

scientists and engineers assumed under Scenario S2. For 

example the usage rate for electronic engineers in the 

computer industry will be 1.00 and the rate for aLl other 

engineers and scientists will be 0.463. These numbers are 

shown in the last column of Table 6.5. 

Electronic courseware has also been usd to train 

managers: the MBA program is currently a major part of ITV 

ol:f:erinys and is growing rapidly.. Many states have begun to 

impose educational requirements for license renewal especially 

for lawyers, accountants, architects and various health pro­

fessionals. The American Hospital Video Network, for example, 

is developing a program to provide continuing education and 

medical news to all hospitals in the U.S. 

Rates of ITV use in 2000 by workers other than scientists 

and engineers are shown in Table 6.6: in all cases this use 

is Assumed to be twice as intensive under Scenario S3 (and S3') 

under Scenario S2. The industry-wide average use of .18 
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Table 6.5. Use of ITV (lEA #87) by Scientists,and Engineers * 
(LAB #1-8) in 2000 (30-hour courses for Scientist 

and Engineer) 

Code 

12 

26 

39-41 

42-49, 
52 

50-51 

53-55, 
57-60 

56 

61 

62 

64 

68 

69 

77 

Sector 

Ordnance and 
Accessories 

Chemicals and Selected 
Chemical Products 

Fabricated Metals.. 

Machinery 

Coitputers and Office 
Machinery 

Electric machinery 

Radio, TV, and Coimiun-
cations Equipment* 

Motor vehicles 

Aircraft 

Scientific and con­
trolling instruments 

Communications 
(except 69) 

Radio and TV broad­
casting 

Business services 

Scenario 
S2 

.312 

.222 

.153 

.186 

.463 

.301 

.280 

.312 

.254 

.304 

.348 -

.348 

.076 

Additional Use Under 
Scenario S3 

for Selected Occupations 

1.00 
.50 

-

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

i.ob 

• 

Natural Scientists (LAB #5) 
Other Engineers (LAB #4) 

Electrical 

Electrical 

Electrical 

• 

.: 

Engineers (LAB #1) 

Engineers 

Engineers 

Other Engineers 

Electrical, 
Mechanical 
(LAB #1,2,3] 

Electrical 

Electrical 

Electrical, 
Mechanical 

0 

Industrial, 
Engineers 

Engineers 

Engineers 

Industrial, 
Engineers 

iSIote: Scientists and Engineers are included in LAB #1-8. 

239 



6.24 

Table 6.6. Use of ITV by Other Wbrkers in 2000 
(30-hour ITV courses per worker) 

Sector 

12 

26 

50-51 

53-55, 
57-60 

62 

64 

68, 69 

73, 74 

77 

81 

82 

• • • 

Ordnance and Accessories 

Chemicals and Selected 
Chemical Products 

Gonputers and Office 
,Machinery 

Electric Machinery 

Aircraft 

Scientific and Con­
trolling. Instruments 

Commun icat ions 

Finance and Insurance 

Business Services 

Hospitals 

Health Services 
excluding.Hospitals 

. Manage 
(LAB #] 
S2 

.045 

.045 

.045 

.045 

.045 

.045 

,.0'45 

.0113 

.0113 

iCS 
L7) 

S3 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.023 

.0223 

Other Workers '; 

-

1 

« 

Other Professional 
Ifechnical Wbrkers 
(LAB #16) 

Health 
Professionals 
(LAB #10-13) 

S2 

.050 

.125 

.031 

S3,S3' 

.100° 

.250 

.063'^ 
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courses per worker under Scenario S3 is assumed for high and 

middle-level managers who comprise about half the lEA managerial 

classification for LAB #17, yielding a coefficient of .090 for 

all sectors except Business Services and Hospitals. In these 

two sectors, managers eligible for ITV-ba'Sed training comprise 

one-eighth the lEA classification, yielding a coefficient of .023, 

Health and various other professionals will provide a large 

market for ITV products, but these will be slower to develop 

than the scientist, engineer and manager markets {Grayson and 

Biedenbach, 1982]. These professionals, especially those in 

service industries, require specialized trair\ing, often for . » 

license renewal, rather than standardized degree programs 

which can be taped from a conventional, college-based class. 

Health care institutions are small, decentralized and inde­

pendent and tend to arrange their own training programs 

internally. 

Lawyers, accountants and architects were estimated to 

account for 80% of the occupational ca.tVgbry Other Profes­

sional and Technical Workers employed by the Business Services 

sector. Under Scenario S2 it is assumed that one-quarter 

of these professionals, or 20% of Other Professional and 

Technical Workers,,?obtain additional training; and 25% of 

these, or 5%, use ITV by ;2000. This rate is doubled.under 

Scenario S3. 

Hospitals have always provided a disproportionately large 

amount of training because thier extensive,, c^entralized 

facilities, often affiliated with a medical school, are .well .̂ . 
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ec^uipped for this purpose. Under Scenario S2, 12.5% of all 

'health professionals employed by hospitals but only 3.1%. of 

those in other health services, use ITV. The latter assumption 

is based on existing or. proposed education requirements for 

license renewal for these professionals,. Again, these rates 

are doubled under Scenario S3. 

Under all scenarios the use of ITV is assumed to begin in 

1980 at one-quarter the rates shown for Scenario S2 in 2000 

(fô r an industry-wide rate of 4.5%) and to increase linearly, 

reaching the full value in 2000, except for Hospitals and 

Other Health Services. These two industries begin to use ITV 

in 1990 under Scenario S2, and in 1985 under Scenario S3 in 

an amount equal to one-tenth the value shown for Scenario S2 

in 2000. 

The information given in Tables 6.5 and 6i6 is assembled 

to produce row #87 of the A matrix for a given year, ..showing 

the distribution of ITV to using sectors, in the following 

way. The parameters describing the use of ITV per worker by 

occupation (i) for each industry .(j), kij , are arranged. in 

a matrix of 54 rows and 89 columns—exa.ctly the form of the 

L matrix of-labor requirements per unit of output, lij. The 

eleraent-by-element product of these two matrices (kijlij). 

results in a matrix containing ITV requirements per-unit of̂  

output by occupation and industry. The column sums, which 

represent total ITV input per unit of sectoral dutput, become 

row #87 of the A matrix. 
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2. Use of Electronic Courseware by the PiSblic and Private 

Conventional Education Sectors . . . 

ITV in higher education is used essentially for 9ff-

campus students and" is represented in this study as purchases 

by industry and households. CBI packages in higher education 

have been developed by instructors for their own use, and 

there has been little if any systematic distribution of such 

courseware at the university level. This section concentrates 

on the use of electronic courseware at the elementary and 

secondary level, where ITV will be used for teacher training 

and CBI for student instruction. The extent of usage will, 

depend upon the availability of' computers and prevailing 

attitudes toward their use in education. 

Under Scenario S2 we assume that the use of computers in 

primary and secondary education grows slowly, reaching 980,000 

personal computers by 1990^ and 1,500,000 by 2000: this 

would provide one terminal for every thirty students by . 
' 'A 

2000, roughly one hour a week on the computer peif student. 

Under this scenario the computers are used essentially in the 

tutor mode with purchased courseware and no use of ITV for 

teacher training. By 2000 only one CBI course per 5000 

computers will be developed, and this with no savings relative 

to present-cost structures. 

iThis number is projected for 1986 by [Geller, 1983] 
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Under Scenario S3, electronic courseware is integrated 

into primary and secondary school curricula. A plausible 

national plan, outlined by Melmed [1982a] would provide 

enough hardware to give each student 1/2 hour a day on the 

computer. With 40 million elementary and secondary school 

students projected for 1990 and a 5-hour school day, about 4 

million computers would be required. Adding another million 

for backup, this reaches a total of 5 million. Assuming an 

average 1982 cost of $1,000 per computer and a 5-year lifeti-me, 

Melmed estimates a $1 billion annual cost, or $25 per student, 

for hardware, a very small percentage of total educational 

cd̂ Jts. Under this scenario computer use continues to grow 

to about 10 million computers in the schools by 2000. Ten 

percent of all teachers receive training through ITV by 2000. 

Scenario S3' also assumes a rapid growth in this 

form of education but with the initiative taken mainly by 

households rather .than schools. Nonetheless, there will be 

twice as nany computers in schools as under Scenario S2, for 

a total of 3,000,000 by 2000. High schools provide the 

basic skills required in the workplace such as computer 

literacy and word-processing and aflso use electronic courseware 

in mathematics and science classes. The rate of courseware 

use is -̂ the same as under Scenario S2; and while some teacher . 

training is required, ITV is not. used for this purpose. 

Purchases of CBI and ITV are easily obtained using the 

parameters summarized in Table 6.7. 
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Table 6.7: Use of ITV and CBI by the Public and Private 
Education Sectors under,Scenarios S2j S3, 

and S3' in 2000 

Scenario 

S2 

S3 

S3' 

ITV per Teacher 
(30-hour course) 

-

1/10 

-

Computers per 
Student 

1/30 

1/5 

1/15 

CBI Courses 
per Computer 

(1-hour package) 

. 1/500 

1/750 

1/500 

3. . Use of Electronic Courseware by Households 

At present almost every household in the U.S. has at 

least one television set. Twenty-eight million residences 

were wire(?..for cable by early 1982, and the number will reach 

58 million by 1990 [Grayson and Biedenbach, 1982]. A large 

and growing number have personal computers as well, but there 

is relatively ljjf€tle use of electronic courseware by households 

at this time. Continuing education is growing in popularity, 
• ' ' ' 

but it is unclear \?hat share of thi.s market will take the form 

of electronic courseware used in the home. 

Children and adults> individually or in small group tu­

torials, could use electronic courseware for an enormous 

range of purposes including job-training and retraining programs, 

informal reading and general education, and the popular 

"continuing education" programs. Education based in the home 

could grow very rapidly indeed in light of what some consider 

a failure of traditional education. 
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For many workers general academic skills may be more . 

important than the specific vocational training on which 

high schools have traditionally focused. The word processor, 

for example, hs. used more effectively by someone with the basic 

skills to handle and process information than by, an excellent 

rote typist [Center for Public Resources, 1982]. The self-paced, 

individualized instruction made possible by electronic course­

ware is particularly important fpr remedial education where 

learners may be embarrassed and frustrated in conventional 
•\ • ' • • • • " ' 

.learning structures. Control Data Corporation 'has developed 

a CBI package for remedial education which has been successfully, 

used by industry. 

Under Scenario S2 we assume that the use of ITV in the 

home, which started in 1980 at a level of 9,000 courses, reaches 

only 200,000 by 2000, involving limited use for job retraining 
t 

and mainly professional and general education for the highly 

educated and affluent-and, notably, their -children. Twice 

this amount of usage m 2000 is assumed under Scenario S3 (and 

S3;). In all cases this usage starts from the same low level 

in 1980 and grows linearly to 2000. 

Under all scenarios we assume that the use of CBI by 

households begins at near zero levels (10 courses in 1980), , 

grows relatively slowly between 1980 and 1990, and then 

rtjore rapidly in the next decade. The technology of CBI is 

less familiar and accessible to most people than that of ITV, 

so we expect an initially slower growth of usage. Scenario 

S3 corresponds to the most intensive household usage, compen-
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sating for the slow adoption in primary and secondary schools. 

The total use of ITV and CBI is greatest under Scenario S4 since 

its use in the schools can be expected to promote professional 

a nd cec reat ional - use a t home. GBI -is—not d irec t ly 1 inkfed tO" ~ 

computer use by households (as it is for education) since house­

hold computers will be used for.games, business, financial and, 

assorted other purposes. The assumptions about the. use of 

electronic courseware by households are summarized in Table 6.8. 

Table 6.8: Use of ITV and CBI by Households 
under Scenarios S2 and S3 in 

1990 and 2000 

Scenario 
ITV in 2000 

(30-hour courses) 
CBI in 1990 

(1-hour packages) 
CBI in 2000 

(1 hour packages) 

S2 
S3 
S3' 

200,000 
400,000 
400,000 

100 
450 
600 

1000 
4500 
6000 
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Chapter 7. Health Care 

A. Introduction 

ire system is an inc The health care system is an increasingly important 

sector in the national economy. It grew from 5.3% of GNP in 

1960 to almost 10% in 1981, by which time it directly employed 

more than seven, and a half million people. The provision of 

health care has undergone considerable change in "organization, 

services provided, and input requirements for delivering 

these services. Current debates focus on issues of cost and 

the determination of,what constitutes adequate health care. 

Through the firrt half of this century the health care 

system was based on the independent practitioner. However, 

the delivery of health care has now decisively shifted toward 

hospitals because of the availability of new technologies 

requiring specialized personnel and equipment accompanied by . 

the growth of third-party financing. 

Health insurance originated in the 1930's to protect 

individuals requiring hospitalization from personal bankruptcy. 

By 1950, almost half of hospital costs were covered by third-

party payments, mostly private insurance, and by the.mid-

1970 's coverage had risen to 90% [U.S. Department of Health 

and Human Services, 1982]. Third-party coverage for total 

health care expenditures since 1929 is shown in Table 7.1. 

Until recently, health^ insurance paid fixed premiums and 

covered hospital care only; even today most insurance is for 

hospital care. This policy may encourage unnecessary hospital­

ization even for routine procedures and an excessive number 
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Table 7.1. Third Party Coverage of Health Care Expenditures, 
1929-1980 •'v 

Year 

1929 
1940/ 
1950 
1960 
1965 
1970 
1980 

Percentage 
of GNP 

3.5 • 
. 4.0 
4.4 
5.3 
6.0 
7.5 
9.4 

Percentage 
Covered by 

Direct Payment 

88.4 
81.3' 
65.5 
54.9 
51.7 
39.9 
32.4 

Source: [U.S. Department of Health 

Percentage Covered 
by Third Party Payments 

Total 

11.6 
18.7 . 
34.5 
45.1 
48.3 
60.1 
67.6 

2.6 
.2.6 
12.1 
23.3 
26.7 
25.6 
28.0 

Public 

9.0 
16.1 
22.4 
21.8 
21.6 
34.5 
39.6 

and Human Services, 1982] 

of tests and procedures per patient. In addition it may 

reduce the incentive for hospitals, to contain costs, in turn 

allowing supplying industries (e.g., the pharmaceutical 

sector) the opportunity for substantial mark-ups. 

Increasing provision of health care services is also the 

product of changing social attitudes. Health care has come 

to be viewed as a right whose access should not be limited to 

those who can afford it. Coverage for the elderly and the 

poor was considerably extended through Medicaid and Medicare 

legislation in 1966. 

Of course, there is.no unambiguous definition of health 

care .needs. In addition, there is often a lack of consensus 

on appropriate treatment even within the medical profession, 

a difficulty intensified by rapid technological change. A 

recent Scientific American article reported that -different 

rates of surgery in various regions of the country were often^ 

explained by physicians' preferences—not differences in 
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population, hospitals, or environmental or other factors 

[Wennberg and Gittelsohn, 1982]. Despite tremendous advances 

in medical knowledge and technology, or possibly because of them, 

the definition of adequate health care is elusive. So long 

as coverage is open-ended, demand seems to be unlimited. 

The remainder of this chapter is divided into two 

sections. Section's describes the major componencs of the 

health care industry and their representation in the TEA' 

model for the period 1963-1977. . The final section describes 

two explicit scenarios about developments in health care in 

the United States through the year 2000. 

B. The Production and Use of Health Care, 1963-1977 

The IEA model includes two health care sectors, Hopsitals 

(IEA #81) and and Health Services (IEA #82). While the most de­

tailed 10 tables decompose the latter sector into two—separating 

Offices of Doctors and Dentists from the rest—they were aggre­

gated for this study due to the limited availability of sys­

tematic data on separate capital and labor requirements. 

The conventional 10 representation accounts for private 

and public health care differehtly, showing- public health care 

as part of final demand. State and local governments operate 

about 30% of all general hospitals, and another 5% are run by 

the Federal government, mostly Veterans Administration. 

While public hospitals provide some services free of charge, 

their fees for most services are comparable to a market price; 

In addition, they use inputs and provide outputs similar to 

those of private hospitals. For these reasons they closely 
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resemble a government enterprise which is usually included 

inside the lo table as a producing sector. We have included 

both private and public health care inside the 10 table within 

the two lEA sectors. All health care is assumed to be delivered 

to households. 

The final demand column in the 10 tables describing 

state and local government purchases for health, welfare, and 

sanitation is predominantly hospital service; the total value 

of its purchases (presumed to measure the value of its 

output) was added to the deliveries of private hospitals to 

households. Since the final demand column by .convention 

includes purchases on both current and capital accounts, the 

detailed information on the input structure for private 

hospitals both on the capital and the-current accounts was 

used for the combined sector. The small share of hospital 

services provided by the Federal government has remained in 

final demand. 

The historical data on capital (B and R matrices)' and 

labor (L matrix) requirements for the two health care sectors 

were computed in the general way described in Chapter 3. 

Output of the health care sectors was deflated to 1979 prices 

using the official BLS deflators: the Consumer Price Index 

(CPi) for the daily service charge., in the case of Hospitals 

and the CPI for total medical care, eyeglasses and laboratory 

testS/ physicians' and dentists' fees in the case of Other 

Health Services. (In future work we-will attempt to measure 

real output in terms of actual services provided to different 
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/ 

categories of patients drawing in part on the voluminous 

information available in Public Health Service documents and 

specialized studies such as those cit^d among the references 

for this chapter.) ^ 

The remainder of this section is divided into three 

parts describing structural change in different parts of the 

health care system in the 1960's and 1970's. This serves as 

background•for•the. scenarios in Section C about prospects for 

the next twenty years. ! 

1. Hospitals 

During this century hospitals have been providing an 

increasing amount of health care. While t"he number of physicians 

per 100,000 population declined from 176 in the year 1850 to a 

low of 131 in 1965, rising"slowly to 172 by I978, the number of 

general hospital beds per 1,000 population has.risen from 2.9 

in 1920 to 5.0 by 1976 and total days of hospital care increased 

three-fold between 1930 and 1976 [U.S. Depar„tine n't ,of , Commerce , 

1975; U.S. Department of Health, Education and Welfare, 

1974b, 1976b; U.S. Department of .Health and Human Services, 

1979b, 1981]. 

Data describing the changing utilization of hospitals^ 

between 1963 and 1976 are assembled in Table 7.2. While the" 

number of hospitals has declined slightly, the average number' 

of beds per hospital grew by 39% over this period. Beds per 

^This discussion is about general, short-term, acute-
care hospitals. Specialty and long-term care hospitals provide 
mainly psychiatric or tuberculosis care. 
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1,000 population has leveled off at about 5, which is the 

official government- target. The number of "days of care (which 

excludes outpatient and emergency room care) has increased by^ 

Table 7.2. Utilization of Short-Term Hospitals, 1963-1976 

1963 1967 1972 1976 

Percentage 
Change 
1963-1976 

Total Hospitals 

Total Beds 

Beds per 1,000 
Population 

Average Beds 
per Hospital 

Number, of Days of ~ 
of Care (1,000's) 

Discharges per 
' 1000 Population 

Average Length 
of Stay 

6,710 

811,876 

4.3 

121 

227,136^ 

NA 

7.8^ 

6,685 

958,729 

4.9 

143 

238,703 

146.9 

8.4 

6,491 

1,044,064 

4.9 

161 

243,528 

158.3 

6,361 

1,068,828 

5.0 

168 

• 245,110t> 

167.7 

7.7 7.2' 

-5%»' 

32 

16 

39 

14c 

-8 
=» in 1965 
b in 1979 
c 1967-1976 
Sources: [U.S. Department•. of Health, Education and Welfare, 1974b, 

1976b; U.S. Department of Health and Human Services, 
1979b, 1981]. . • 

8% while the average length of stay has declined by the same 

amount, and the number of discharges per 1,000 population was 

14% higher in 1976 than a decade earlier. \ 

The services provided by a hospital during a typical 

"day of care" have shifted significantly due to changes in 

medical practice and in demographics. The rateof surgery per 

1,000 population has increased 42% in the decade of the 1970's, 
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from 78 to H I . The declining birthrate has reduced the ' > 

relative incidence-of childbirth, which usQd.;.to be the leading . 

cause of hospitalization, (Newborn infants are not included 

in the number of discharges.) The median age of the population 

has been steadily increasing, and the growing proportion of ; 

older people—especially women—has distinct health care 

requirraents. 

The combination of a.shorter average length of stay and 

a higher rate of surgery has been accompanied by an increased 

amount of direct care, paper work and other support services 

per patient as well as intensified use of various types of 
0 

I - • ' 

equipment. Table 7.3 show.s the growth in number of medical 

services per case between 1951 and 1971. 

Comparison of the input structures according to' the 10 , 

tables for 1963, 1967* and 1977 makes it possible to identify-

the major areas of change. The proportion of nominal costs 

accounted for by intermediate inputs has increased, with the 

value-added portion—which is mostly the wage-bill—falling 

from 67% to 62% between 1963 and 1972. Over the same period;' 

the intermediate costs to produce a given level of output grew 

by over 40% in real terms (in 1979 prices) since the unit 

price' increase for the output of hospitals is greater than that 

for virtually all of its inputs, (according to the BLS def lato.rs).. 

V>Jhile food and drugs are major inputs, the largest increases 

are for services including data processing: hospitals have 

yene^rally contracted out instead of hiring their own programmers. 

Other purchases which have grown as a portion of total costs . 
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Table 7.3. Number of Medical Services per Case, by Type 
'of Service" and Diagnosis, 1951-1971 

» • 

LABORATORY TESTS 
Appendicitis, siijiple 
Appendicitis, perforated 
Maternity Care J. 
Cancer of the Breast 
Myocardial Infarction" 
Pneumonia, Hospitalized 

X-RAYS 
Myocardial Infarction 
Pneumonia, Hospitalized 
Cancer'of the Breast, Diagnostic 

ELECTROCARDIOGRAMS 
Myocardial Infarction 

INHALATION THERAPY 
Myocardial Infarction 
Pneumonia, Hospitalized 

.1951 

4.7 • 
5.3 

. 4.8 
5.9 
NA 
NA 

NA 
NA 
.X 

i NA 
4 

NA , 
NA 

1964 
• • • ' . • • ' • • ' ' 

7.3 
14.5 
11.5 
14.8 
37.9 
6.7 

1.3 
2.5 
2.0 

• 5.4 

12,8 
3.8 

[ 

1971 

9.3 
31.0 
13.5 
27.4 
48.5 
18.6 

6.3 
3.6 
2.3 

9.0 

37.5 
2.6 

Source: [Scitovsky anil McCall, 1976] 

• • ' • • ( • ' 

are various .plastic products, marking a tr^nd toward the use' 

of disposable items especially in food services. Chemicals.and 

petroleum products which are major inputs for clinical laboratory 

tests have grown more important, reflecting tĥ - increase in 

both the number and utilization of tests. The portion of 

costs devoted to photographic equipment has. also risen, due 

to increased use of both X-rays and photocopying equipment. 

The health industry, especially hospitals, has been a 

major source of employment growth in the 1960's and 1970's 

particularly for women and minorities. Table 7.4 indicates 

an average annual rate of growth of 8.5% between 1960 and 
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1978 with the most rapid growth (20.4%) between 1966 and 

1970, when federal coverage was.provided for the poor and 

elderly. Lower growth, for 1970 to 1978 (4.7%) suggests that 

thie surge in" demand has leveled off. 

Table 7.4. Health Care Employment, 1960-1978 

1960 

1966 

1970 

1978 

Source: 

All Health 
Care 

1,547,600 

2,206,500 

4,630,900 

6,698,400 

Hospitals 

1,030,000-

1,418,500 

2,960,400 

3,900,̂ 300 

[U.S. Department of Labor, 

Hospitals 
as percent 
of total 

66.6% 

64.3% 

63.9% 

58.2% 

1980]. 

Average Annual " 
Rate of Growth 
Since Last 
Benchmark Year 

All Health 
Care 

6.1% 

20.4% 

4.7% • 

Hospitals 

5.5% 

20.2% 

3.5% 

The health care work force includes, those directly deliver-

ring care^ clerical workers, and service workers. Health care 

practitioners are defined to include physicians, optometrists, 
/ 

» • •• / 

pharmacists, podiatrists, veterinarians, and registered 

nurses; the remainder are often called allied health workers. 

Hospital labor requirments per unit of output (i.e., 

labor coefficients) for physicians and surgeons and for 

registered nurses have not changed much between 1963 and 

1977. Other practitioners are hot separately identified in 

the lEA occupational classification scheme. 

Allied health personnel account for about two-thirds of 

the industry's workforce and grew more rapidly than any other 
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part of the national workforce between 1966 and 1978 [Sekscenski, 

1981; U.S. Det)artment of Health and Human Services, 1979a]. 

The complexity of their training requirements and of their 

responsibility has also increased. More than a hundred allied 

health occupations have been distinguished; often a new 

occupation is created for each new type of medical technology, 

and many take on work previously done by practitioners. The lEA 

occupational classification scheme distinguishes Health 

Technologists (LAB #1^3), requirements for which have grown, 

significantly between 1963 and 1977; other allied health 

occupations are dispersed among clerical and service categories. 

In the 1960's allied health workers learned their skills 

through in-hospital training, and 'almost none were licensed. 

Due to technological change accompanied by increased areas of 

responsibility, the need for "middle-level" health practitioners 

has emerged in areas such as medical record-keeping and 

clinical laboratories. Numerous specialties require college 

level training, and regulation by licensure is also growing. 

A nurse practitioner, nurse midwife, or physician's 

assistant is said to increase the number of visits a physician 

can attend to by 25-30%—even more in group practice [U.S. 

Department of Health and Human Services, 1979c; U.S. Department 
0 

of Health, Education, and Welfare, 1974aJ. At present there 

are very few such "physician extenders," and°rapid growth in 

their use for hospital care is opposed by physicians. 

Because of the extremely high turnover of RN's in hospitals, 

various approaches have been formulated (e.g., primary nursing 
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and clinical nurse specialists) to increase their training 

and expand the scope of their responsibility to include some 

of the work now done by physicians and some by less skilled 

LPN's or nurses' aides. In practice, however, it is the 

role of the..LÊ Ĵ  that has been expanding [U.S. [Department of 

Health ando Human Services, 19759c; U.S. Department Health, 

Education and Welfare, 1974a]. _ . 

Health care has., traditionally been characterized by a 

strict division of labor established by physicians' guilds. , 

Many of the factors discussed elsewhere in this section, 

coupled with a project^ed oversupply of doctors by 1990, may 

lead to substantial^changes in the organization and respon­

sibilities of health personnel. 

Technological change and in particular computer-based 

automation have affected all aspects of the operation of a 

hospital. Computers began to be used extensively in hospitals 

for bookkeeping, billing, inventory control, and patient 

records following the introduction of Medicare and Medicaid, 

in 1966 which doubled paperwork per patient. It is estimated 

that today 20-30% of hospital costs are for the handling of 

this type of information and could be significantly reduced 

by the increased use of computers [Mahajan, 1979; Paul, 1982]. 

Hospital laundries and kitchens have become more efficient 

through the use of larger scale and more automated equipment, . 

the introduction of computer inventory control'and menu 

planning, and shared laundry and purchasing operations among 

hospitals. At the same time, the widespread uie of.disposable 
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items, from paper plates to disposable gowns and medical 

equipment, has drastically reduced the cleaning, sterilization 

and storage activities. , 

Health professionals have been reluctant to identify 

specific cost savings from the application of computers to 

the delivery of health care, but case studies indicate significant ' 

benefits especially in the reduction of congestion and the 

quality of care. Computers havQ improved speed and accuracy 

in controlling test equipment in clinical laboratories. In 

multiphasic screenihg centers they handle most procedures in 

a routine physical exam although their role in diagnosis has 

been limited [Schwartz, 1982], 

A great deal of controversy surrounds the use of many of 

the new technologies for both diagnosis and treatment because 

of their high costs in the service of very small, specific 

patient groups and sometimes their unproven efficacy or 

undesirable side-effects. Now that the infectious.diseases 

have for the most part been brought under control, the major 

causes of death are heart disease, cancer, and accidents. 

Prevention through control of diet, smoking, and unsafe work_. 

conditions has not been the major focus of modern medical 

research. " 

Cobalt radiation therapy is an increasingly common 

treatment for ,,cancer. Its high cost is due to both the 

equipment itself and the need to shield staff and surrounding 

population [Russell, 1979]. Of the 430 people per 100,000 ^ 

popu lation treated for cancer each year, 70% receive cobalt 
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therapy. It is a.short-term palliative with very serious 

side-effects whose benefits are difficult to assess. 

Open heart surgery requires expensive equApntent^and 

extensive supporting staff and facilities. In the late 1960's 

surgeons were concerned about underutilization of the equipment, 

but its use has grown rapidly since then and is now about 

150,000 interventions a year [Russell, 1979]. This growth is 

explained in part by an aqing population with increased -' 

insurance coverage, in part because the operation is sometimes 

now performed as a preventive measure. 

In 1973 legislation amending Medicare made kidney dialysis 

for artificial cleansing of the blood costless for the patient. 

By 1976 about 32,000 patients were being treated at the cost 

of $684.. million, and the number of patients is expected to 

grow to 60,000 by the mid-1980's [Altman and Blendon, 1979]. 

Computerized axial tomography (CAT) scanning is a 

diagnostic procedure using a conventional X-ray source and 

injection of a contrast material; a", computer, processes and 

displays the image in narrow cross-sections. It is considered 

as accurate as alternative procedures and probably exposes 

the patient to less risk. The first scanner was installed in 

the U.S. in 1973 and by mid-1976 317 had been installed with 

another 335 on order. The average machine at that time cost 

about 5450,000 [Altman and Blendon, 1979]. Considerable 

economies of scale encourage frequent use, perhaps more than 

warranted, at a cost of at least 52̂ 00 per scan. 
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Ultrasound technology, used extensively for diagnosis in 

obstetrics and cardiology, is one of the bright spots among 

recent technological developments. The computer analyzes 

sound waves to produce an accurate image of internal structures 

at low cost and little or no risk to the patient. It is now 

standard hospital equipment, and new uses are still being 

discovered. •, . 

Positron emission,tomography and nuclear magnetic 

resonance (NMR) are two new imaging techniques that have not 

yet been marketed. NMR may replace CAT scanners, providing 

more information and at less risk to the patient. A nuclear 

magnetic resonator costs between $1 and $1.5 million. 

An important structural change in the organization of 

health care delivery has been the emergence of the intensive 

care unit (ICU). In 1962 only one hospital in eighteen had 

an ICU. By the mid 1970's over 5% of all hospital beds were 

in ICU's and every hospital had at least one such unit 

[Russell, 1979]. ICU's group patients in critical condition 

into coronary, stroke, respiratoiiy, renal, burn, neonatal, 

pediatric and poisoning care units where their treatment 

involves more labor,, equipment, and space than could be 

devoted to them on a regular ward. An ICU often has its own 

EKG, X ray and. laboratory units, computers and closed circuit 

TV. The nursing staff is typically more skilled and three 

times as numerous (per patient) as on a regular ward. 

In what has traditionally been a not-for-profit, 

decentralized industry, there is a growing trend toward 
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larger,'more consolidated and often specialized hospitals, 

„an-d_.a_shxf-t—to—f-ô t~i>ro44rt—s-t-a-tia-s—̂ ShTjnlî k̂T—l̂ rriT"—With the 

increasing importance of expensive, specialized equipment, 

these organizational changes are intended to reduce duplication 

and bureacracy and achieve economies of scale at a time when 

hospital management is under increasing pressure, from private 

health insurers and government legislators, to reduce costs. 

2. Offices of Doctors and Dentists 

Between .1965 and 1978 the number of doctors per 100,000 

population rose from 131 to- 172 and the number of dentists 

increased from 47 to 53 (see Table 7.5). At the same time 

the proportion of specialists has grown, and group practice 

has become an increasingly common arrangement. 

Despite the increasing supply of doctors and dentists. 

Table 7.6 shows that the rate of utilization has not changed 

much since 1963 when per capita visits numbered 4.8 to the 

doctor and 1.6 to the dentist. The nature of consultations 

with physicians, however, has changed with the virtual 

elimination of the home' visit. 

Table 7.5. Doctors and Dentists per Capita, 
1965-1978 

1965 
1970 
1972 

, 1978 
Sources: [U.S. D€ 

Doctors 
Per 100,000 .̂  
Population 

131 
137 
146 
172 

ipartment of Commerce, ] L968, 

Dentists 
Per 100,000 
Population 

47 
• 47 
47 
53 

1981; U.S. .̂_ 
Department of Health, Education and Welfare-, 1974b; 
U.S. Department of Health and Human Services, 1980, 
1982] . • 
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Althnxrgh Offices of Doctors and Dentists are, the most 

labor-intensive of the health care sectors, the value-added 

share of nominal costs has declined from 84% to 77% between 

1963 and 1972. This is in part explained by the growth of 

group practices involving.sharing of clerical, nursing, and 

laboratory personnel and of capital equipment. In addition, 

there is increasing "use of less expensive, non-physician labor. 

The use of dental auxiliaries has increased tremendously 

from 70 per 100 dentists in 1950 to 122 in 1976 [U.S. Department 
• » 

of Health and Human Services, 19'80; . U.S. Department of Health, 

Education and Welfare, 1974a], and all dentists are now trained 

in "four-hand dentistry" involving at least lone auxiliary. 

Studies have shown that a dentist with no auxiliaries treats 

about 30% fewer patients than the average.dentist with up to 

three auxiliaries. Unfortunately, both dentists and their 

auxiliaries are included in a single residual category (Other 

Table 7.6. Visi-ts to Doctors and Dentists, 
1963-1979 

Total 
( mil] 

196"3 

1967 . 

1974-

1975 

1979 

Doctors 
844 

83ia 

1,025 

1,056 

1,022 

Visits 
Lions) 
Dentists 

294 

260^ 

342 

341 

366 

Visits per Capita . 
Doctors 

4.8 

4.3 

- 4.9 

5.1 

4.7 

Dentists 
1.6 

1.3 

1.7 

1.6 

1.7 

s July 1966 - June 1967 
b 1968 
Sources: [U.S'. Department of Cdmmerce, 1968, 1981: U.S. 

Department of Health, Education and Welfare, 
1974b]. 
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Medical Professionals, LAB #12) in the lEA occupational 

classification. 

The services—especially medical services—represent a 

larger share of costs for Offices of Doctors and Dentists 

than, do manufactured.goods. There is also large and growing 

input from personal and repair services, miscellaneous business 

services, and professional services—more lawyers, accountants, 

billing agencies, and servicing for a growing- amount of 

sophisticated equipment. The most rapidly gr"̂ wing input to 

this industry is insurance. 

Of the manufactured inputs, periodicals and book publishing 

are the only significant goods not directly related to medical ' 

care. Drugs and petroleum products are both- important. 

Surgical instruments and supplies, including syringes, 

bandages, cotton and all kinds of tools and equipment, have 

been increasing rapidly, reflecting new techniques and 

increased use of disposables. Many instruments, for example 

scalpels and syringes, are now disposable. 

3. . Other Health Services 

Other Health Services is a-heterogenous sector. The 

largest single component is the nursing home industry^; in­

dependent medical and dental laboratories, birth control clinics, 

blood banks, visiting nurse associations, all nonphysician 

• 2xhis will for the first time be disaggregated as a sepa­
rate sector in the official 1977 10 tables due 'to be released by 
the BEA later this year. 
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licensed health practitioners, and health maintenance organiza­

tions (HMO's) are also included. 

The rapid growth ?n the use of nursing homes is illustrated 

in Table 7.7. This can be explained by the ag'̂ ing of the 

population, the tendency of older Americans, to live in 

households separate from their children, and Medicare coverage 

for nursing homes starting in 1966. 

Other components of this sector have also been growing 

rapidly. the number of HMO's rose from 20 in 1965 and 26. in 

1970 to 265, with 10.5 million members, by 1980. Overall-

costs.to members are estimated to be 15-20% lower than for 

other forms of delivery [Business Week, 1982]. 

As of 1969 independent laboratories were by law allowed . 

to be headed by licensed non-physicians. In addition, th,e 

Table 7.7. Nursing Homes, 1963-1973 

Number of 
Facilities 

Beds (1,000's) 

Residents (1,000's) 

1963 

16,701 

569 

491 

1967 

19,141 

. 837 

756 

1971 

22,004 

1,202 

1,076 

1973 

21,834 

1,328 

1,198 

Percentage 
Change 

1963-1973 

31% -

133 

144 

Sources: [U.S. Department of Health, Education and Welfare, 1974b]. 

large' array of new diagnostic techniques has been accompanied by 

increased-., demand for laboratory services. As a consequence, 

the number of independent laboratories has grown considerably. 
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In 1975, there were 15,000 clinical laboratories outside of 

doctors' offices, about half in hospitals and half independent. 

The latter attained revenues of about $5.5 billion [Altman 

and Blendon, 1979]. 

The diversity of this sector, with, its .changing product 

mix, obscures a technolgoical interpr'etation for changes ' 

in the cost structure. This is, however, the only one of the 

three health care sectors for which the value-padded share 

of nominal costs has risen between 1963,and 1972 (from 63 to 

6a%). The share of services has also been rising consistently, 

especially personal and repair services, miscellaneous business 

services, professional services, and other'medical services. 

The increased share of costs allocated to food and the ,__ 

declining^share for surgical supplies in the aggregate sector 

reflects the growth of full-board, primarily custodial nursing 

homes. Miscellaneous plastic products, used throughout the 

sector, grew rapidly. Most dramatic is the increased share 

of photographic equipment, used both .for X-rays and photocopying. 

C. The Future Production of Health Care 

The scenarios described in this section assume ttiat. we 

will continue over the next two decades to improve, the "quality" 

of health care in the sense of devoting more resources than 

under the baseline scenario to satisfying the same final 

demand. This implicitly assumes no major breakthroughs in 

prevention techniques. 

These scenarios are based in part on the extrapolation 

of those past trends that can be expected to pontinue, according 
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to the qualitative analysis in the last section of this 

chapter. The increased use of computers and office equipiment 

and associated changes in employment for administrative 

operations are discussed in Chapter 5 while the increased 

use of computers for "production"' is described in Chapter 4. 

Other changes in input structure after 1977 are summarized 

in Table 7.8 below. 

Projections of increased use of specific items of capital 

through 1990, including CAT scanners and nuclear magnetic 

resonators,•were obtained from market research studies [Gruson, 

1982; Portugal, 1982). and are the basis for the increase in 

capital coefficients shown in the top panel of Table 7.8. 

j:he_middle panel of the table shows projected increases 

in the use of • intermediate goods and services'. The rates ^ 

shown are the average annual rates that obtained between 

1972 and 1977. The.labor coefficients shown in the bottom 

panel of the table are also assumed, to grow at the average 

annual rate actually experienced between 1972 and 1977. 

Under Scenario S3, the average annual percentage 

increases in coefficien^ts shown in Table 7.8 are compounded 

over the period from 1978 to 2000. Under Scenario S2, this 

procedure is followed only through 1990 and the coefficients 

remained unchanged thereafter. 
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Table 7.8 tnput Structure for Hospitals (lEA #81) arid Other Medical 
and Health Services (lEA #82) under Scenarios S2 and S3^ 1978-2000 

(annual rate of increase after 1977, in percent) 

Capital Coefficients'^ 
Code Sector 

60 Miscellaneous Electrical 
Machinery 

64 Scientific and Controlling 
Instruments 

Interindusty 
Coefficients 

Code Sector 

26 Cheimicals 
28 Drugs 
30 Etetroleum and Related 

Products 
31 Rubber 
64 Scientific and Controlling 
• Instruments ' 

^SS^Optical and Photographic 
Equipment 

66 Miscellaneous 
Manufacturers 

77 Business Services 

9 

Labor Coefficients^ 
Code Occupation 

12 Medical Professionals 
Other than Physicians 
and Nurses 

13 Health Technologists ' • 

Hospitals 
(lEA #81) 

1.6% 
1.3 

3.7 
5.8 

8.1 
8.1 

. 4.2 

8.5 

4.7 
8.6 

i.i 

2.7 

Other Medical an 
Health Services 

(lEA #82) 

1.5% 

3.5 
4.3 

7.7 
7.2 
2.2 

7.9 

2.2 
8.0 

5.7 
[1 

^Under Scenario S2^, these annual growth rates are applied to the 1977 
coefficients through 1990, and the 1990 matrices are' repeated through 
2000. Coefficient growth continues at the specified rates through 
2000 under Scenario S3. • 

'^Increased demand for ccrnputers and office equipnent and associated impacts , 
on employment are described in Chapters 4 and 5. 
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Chapter 8. Final Demand Projections 

Deliveries of goods and services to households, public 

administration activities, and foreign trade have not been 

described in Chapters 4 through 7. The lEA model is ndt yet 

"closed" with respect to these activities and therefore needs 

to be provided (from outside sources) with projections of the 

levels as well as the composition of the goods and services 

they will require. Projected deliveries for investment purposes, 

on the other hand, are determined within the dynamic model. 

For the present study we did not attempt to make original 

projections of these final deliveries. Instead we relied on 

the medium growth version of the most recent BLS projections, 

which takes the form of a matrix with 156 sectors and 13 

categories of final demand for each of two benchmark years, 

1985.and 1990, in 1972 prices. Labor employed directly by 

households and government is not included. A discussion of 

the BLS methodology can be found in [Monthly- Labor Review, 

1981; U.S. Department of Labor, 1982]. 

The BLS final demand matrix was aggregated to a single 

column of noninvestment final demand, inflated to 1979 

prices, and again aggregated from 156 to 89 producing sectors 

for each benchmark year. The resulting final demand vector 

was interpolated linearly for years between 1977^ and 1985, 

and between 1985 and 1990. Sector-specific growth rates for 

the five-year period between 1985 and 1990 were repeated for 

^The preparation of the 1977 final demand vector is included 
in the work described in Chapter 3. 
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the periods 1990-1995 and 1995-2000^ and annual final demand I i ' 
was interpolated linearly for the years in between. .1 

. In addition to modifications of final demand for ' I 

education and health, which are described in other chapters i 

of this report, some changes were made to reflect growing j-
! 

use of computers by households and the military. Two versions i 

of final demand, differing in the presumed' future use of 

computers in homes and by the government, were prepared in 

addition to the BLS projections. 

At the present time it seems clear that the BLS projections 

of household use of computers are too low. Considerably higher 

projections were prepared^ by the market research organization 

LINK (reported in [U.S. Congress, 1982]). The first lEA 

version of final demand used the LINK projections for household 

computer use until 1985, with the average annual growth rate 

between 1982 and 1986 extrapolated to 1990. Between 1990 

and 2000 we assumed that growth would continue at only half . 

this rate. In the second vergion of the final demand projections, 

purchases of computers, by households in 1985, 1990 and 2000 

are double the. low estimates. These assumptions are sViown 

in Table 8.1. ; 

In the first version' of the lEA projections, the military 

use of computers is represented by the BLS estimate. The 

second version is based.on estimates of the future use of, 

computers, software, and related services given in [Electroni.es 
a 

Industries Association, 1980]. Half of the software and 

related services used by the military are purchased from the 
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private sector, shown in our model as an input from Business 

Services (lEA #77). The use of computers and services in . ' 

2000 is extrapolated from 1990 based on the growth rate 

between 1985 and 1990 anticipated in this source. While \ 

these estimates of the military use of computers, shown 

in Tabte 8.2, are significantly higher than those prepared by 

BLS, they are low compared to the present Administration's 

projected military budgets. This policy may, however, be 

reversed before 2000. 

The results reported in Cĥ pji-er 1 are all obtained using 

the second versJ.on-'o'f^inal demand projections. * 

Table. 8.1. Household Demand for Computers (lEA #50), 
Versions 1 and 2, 1980-2000 

(millions of dollars, 1979 prices) 

1980 

1985 

1990 

2000 

BLS 
Projections 

$169 

219 

341 

584 

lEA 
Version 1 

$ 494 

1,085 

2,424 

3,494 

lEA 
Version 2 

$ 901 

2,170 

4,848 

6,988 
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Table 8.2 Military Demand for Computers (lEA #50) and 
Related Services (Part of lEA #77), 

Versions 1 and 2, 1980-2000 
(millions of dollars, 1979 prices) 

1980 

1985 

1990 

2000 

Computer Hardware 
BLS Projections 

and 
lEA Version 1 

366 

377 

670 

1,749 

lEA Version 2 

2,776 

3,785 

"'~5,5Tl 

11,874 

Software and Services 
BLS Projections 

and 
lEA Version 1 

590 

819 

1,7^4 

4,603 

lEA Version 2 

3r089 

6,336 

11,810 

25,311 
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Appendix. Graphic Results under Alternative Scenarios, 
1963-2000 

Each graph in the five sections of the Appendix displays 

the values of a particular variable for the years 1963-2000 

under alternative scenarios according to the following code: 

Scenario SI 

Scenario S2 

Scenario S3 

The assumptions underlying each scenario are described in Chap­

ter 1, Section B. The occupational and sectoral c.lassification 

schemes are given in Tables 3.1 and 3.7 of Chapter 3. Time is 

measured on the horizontal axis; the units on the vertical axis 

are given under each graph. 
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!1C ucV.ASS) 

5 9 - F L E C T R C N I C COMPONENTS, NEC 

1.00 

Wis 1970 197r) 1980 1963 1^90 IJ/: 

d o ' CCL-AR3) 

353. oO-Misc ELECTRIC, MACHINERY AMD SUPPLIES 
.VP-76 



.r 
0. GROSS INVESTMENT BY SECTOR 

9.00 F 

8.00 r 

IWS 1970 1975 )9O0 19«S 1990 

d o ' DOLLARS) 

199S ?CiGO 196S 1970 197S 1980 19<S I 9 » 

d o ' DOLLARS) 

I99S CSOC 

61-MOTOR VEHICLES AND EQUIPMENT 62-AIRCRAFT AND PARTS 

196S 1»70 " ' 5 I t lO 19flS 19V0 1W3 TOGO 

n o ' OOLLARS) 

354 
63-OTHER TRANSPORT AT 10?̂  EQ'JIPHENT 

19(iS 1V70 197S IWQ 1 9 ^ IWu IP/" JKC 

t i o ' DCLLAK:; 

64-SCIENTIFIC AND CONTROL INSTRUMENTS 

.VP-77 



D. GROSS INVESTMENT BY 5ECT0R 

4.50 

*.03 *-

3.S0 h 

3.00 

2.SO 

2.00 -

1.50 

1.00 

196S I9?0 197S I960 1985 1990 1995 JCOO 

(10" DOLURS) 

65-OPTICAL AND PHOTCGRAPHIC EQUIPMENT 

194S 1970 197S 1980 1985 19W 1995 2aO 

n o " DOLLARS) 

66-HISCELLANEOUS MANUFACTURING 

r 
UJ.C'O r 

i 
M.OO -

80.CO -

70.00 

-«37O0"r 

70.00 

60.00 

: t : if] ! 

196S 197C 1975 IVU 1985 H»0 1995 liCO 

! l o ' OCLURS) 

67-TRANSPORTATION K^iii UAKEHO'ISING 355 
(10" COLLAR':) 

6a-C0HMUNICATI0NS, EXCEPr RADIO AND TV 

.\pp-7a_ 

file:///pp-7a_


,D. GROSS INVESTMENT BY SECTOR 

IMS • \9T0 19?S 1980 1965 1990 1995 2000 

d o ' DOLLARS) 

20.00 • 

15.00 -

- I I I . 

19«S !P7J 19?5 1960 19«r3 J99i) 

t i o ' DOLLARS) 

69-RADTO AND TV eROADCASTING 70-ELeCTRIC, GAS AND VATER SERVICES 

w.co 

35.00 r 

30.00 f i-

71 
? 45.00 

tep 1'̂ ' 

U - . . 1 . 1 . . . ^ 1 1.. 

w.oo -

35.00 r 

30.00 r 

••\ \ ?• M 23.00 r 
\ \ j * -i 

M-ivy ••'-:. 
1S.O0 

^ hi 

^ i\ III / \ - I 

5.00 tLo. y^^i J. 1 , d 
194S 1970 1.97S 19S0' 1̂933 1990 199E 7X0, 1?63 _ 1970 1975 1930 1985 i;-/0 I9?3 ZXO 

!10- OOLUfiS) 

7t-WHOLESALE TRACE 

(10 ' DOLLAR';) 

356 72-RETAIL TRADE 

.yp-7? 



0. GROSS INVESTMENT BY SECTOR 

10.00 

a. 00 

6.00 r-

* .oo| -

j.co r 

196S I97C 1973 19tl0 1985 1990 1995 2000 

d o ' OaLAfiS) • 

73-FINANCE. 

10.00 

9.00 h 

19aS 1970 19?S 1960 1965 1990 

<!0' DOLLARS) 

74-lNSURANCe 

199S 2 :JO 

26.00 

2.00 k!!l 
I9eS 1970 1975 19aO li>3S 1990 199S JOO'J 

[10* DOLLA-t35 

40.00 \-

3S.(ic I-

"50.00 h 

25.C0 r 
I 

20. CO -

15.00 

10.00 

?.00 

I \ 
in 

19o5 1970 1973 1960 I9fS 199': 

, (10 ' OOLUKS) 

!yv<; 

357 76-HOTELS, PERSONAL ANO SEPAIR SERVICES ^ " ' 77-BUSiNESS SERVICES 

.yp-go 



D. GROSS INVESTMENT BY SECTOR 

S.OC' h 

7.00 '• 

10.00 

194S 1970 197S IWO ISW? I.>V0 199S 5000 

t ic ' OCLUWS) 

7B-eATING AND DRINKIN'O PLACES 

1965 1970 197S 1960 19CS 1W. 

n o ' OCULARS) 

79-AUT0M03ILE REPAIR SERVICES 

14,CO '• 

12.00 h 

' arrC n>, 
/ 

8.00 r 

6.0Q 

I,.00 

2. JO r 

^\ . if-\r<"i. t 

I . 1 . . I . - - J - I « — I 
19dS 19*0 W7S 1=^: )9<S '>~9i: , 19VS 7t..O 

!1C' t J l L A ^ j ) 

80-AMUSEMENrS 358 

il 

It 

"1 
1 

' 

.-' 1 
/̂' 1 

> 

i 
1 

5 i9tw i9ee ! 

d o ' CXLARa 

•..--/! li^O 

8!-liaSPITALS 

App-ai 



jo.oo r 

28.00 't 

26.00 !• 
1 

2*.00r 
1 

22.00 -

20.00 r, 

I ' i .W-

0. GROSS 

-: 1 
A 

1 
1 

1 

V 

INVES 

1 
- 1 

1 

1 
! 

1 1 

1 
1 

..-•1 • 

TMENT BY SECTOR 

1 1 
3.00 -̂

?.80 >-

2.60 r 

2 .M j -
I 

2.20 j -

2.0J p 

• 

u.ou [• 

12.00 

10.00 r 

8.00 r 

i.OO C-x 

v/ 

r 
n 

I 

1945 1970 197S 'JW 1985 1990 199S 2000 

d o ' DOLLARS) 

32-HEALTH SERVICES. EXCL'JDING HOSPITALS 

i / 

1965 19ro 197S 1960 1933 1990 199S 2C^0 

Clo ' DOLLARS) 

f)2-F0UCATl0NAL SERVICES (PRIVATE) 

lO.OC p 

1 

I 

i 
9.00 •̂ 

(10 ' COl-LAî S) 
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